XPERIENCE has demonstrated that Cathodic Protection can only 
used economically, with protective coatings that provide long lasting 
insulation. 

Such insulation furnished the use Barrett Coal-tar Enamels. 
Their proved resistance moisture absorption provides 
electrical insulation over long periods time. 

Stability the electrical resistance Barrett Enamels requires 
minimum electrical energy and equipment make Cathodic Protec- 
tion economical, now and the future. 

The service records these efficient coatings are dependable guide 
engineers who are today building corrosion-proof pipelines. 


THE BARRETT DIVISION 


ALLIED CHEMICAL DYE CORPORATION 
RECTOR STREET, NEW YORK 


FIELD SERVICE. —The Barrett Pipeline Service Department and staff 
of Field Scrvice men are equipped to provide both technical and 
on-the-job assistance in the use of Barrett Enamel. 
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COAL-TAR 


protect your pipin 


CORROSION! 


with Dresser Style Fittings... 


ONE THE DRESSER INDUSTRIES 


STOP CURRENT 


this Insulating Coupling 


CONDUCT CURRENT 


through these Armored Gaskets 


Corrosion—wherever strikes—is almost 
always electrochemical nature. gas 
service lines, for example, leakage elec- 
tric current from homes may cause corro- 


Dresser Style 
SUPER-SERVICE FITTINGS 


—available with 
gaskets Armored Gaskets. 


Typical swing joint, 

using Dresser Style 90 

Fittings with a Dresser : 
Insulating Adapter Gas- {7 
ket for connecting copper 

service to main. Adapter 

gasket vides for both & 
electrolytic protection 

and reduction to copper 

tubing size. 


DRESSER 


for 


Armored 
Gasket Gasket 


sion mains. Protection obtained (1) 
insulating services the main—or (2) 
draining current from mains. Thus, ac- 
cording piping design, either insulating 
conducting fittings are required. 

Dresser Insulating Couplings and Fit- 
tings (high resistance) and Dresser Cou- 
plings equipped with Armored Gaskets (low 
resistance) meet requirements any elec- 
trolytic cathodic protection system. 

addition, they are easy install (no 
exact pipe cutting, threading alignment 
are necessary), are tight, flexible and 
last for life the line. 

Dresser has complete line pipe 
couplings and fittings. Call write for 
help any pipe joining corrosion 
problem. 

DRESSER MANUFACTURING DIVISION 
Bradford, Pa. 
In Texas: 1121 Rothwell St., Sec. 16, Houston, Texas 


In Canada, Dresser Manufacturing Co., Lid., 
60 Front Street, West, Toronto, Ontario 


Small Piping 


ainst 

j 
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“Spiral Welded” versatile 
steel pipe. has been used profitably 
scores applications—from water 
and gas lines industrial jobs re- 
quiring special prefabricated fittings. 

It’s easy see why ARMCO Steel 
Pipe great demand. For one 
thing, its size-range Diam- 
eters range from inches, with 
wall thicknesses from inch, 
any lengths feet. Special 
coatings are optional. 

Pipe relatively light, but 
sturdy too. foundation piles, 
for example, the tough spiral weld 
imparts extra lateral stiffness and high 
collapse resistance even the longest 
lengths. When you need cone points, 
mill ends cutting shoes, these can 
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Uses include water, oil and gas 
lines; prefabricated pipe and fittings 
for special industrial layouts; founda- 
tion pipe, caissons and dredge pipe— 
fact, wherever pipe can used 
advantage. 

For your next piping job ask for 
and shipping dates ARMCO 
Spiral Welded Steel Pipe. Just address 
Armco Drainage Metal Products, 
Inc., Welded Pipe Sales Div., 2561 
Curtis Street, Middletown, Ohio. 
EXPORT: THE ARMCO INTERNATIONAL CORPORATION 


; } 
q 


THE DEARBORN METHOD RUST PREVENTION 


has become standard. For years, NO-OX-ID, the 
original rust preventive, and NO-OX-IDized Wrappers 
have protected the pipe and service lines that insure the 
uninterrupted flow gas and oil America’s millions. 


industry, clean parts surfaces are vital fine per- 
formance. Properly coated parts wrapped NO-OX-ID- 
ized Wrappers, the water moisture vapor barrier, and sealed 
protect pipe lines for the same reasons. Write for details. 


The ORIGINAL RUST PREVENTIVE’ 


lichigan Ave., Chicago 4, Ill. 
New York Los Angeles Toronto aw” 
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PIPE CLEANING, COATING AND WRAPPING 
Any Coating and Wrapping Specification 
HOUSTON, TEXAS 


Complete Re-conditioning Service For Old Pipe 


ING 
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Built Everdur... 


withstand 


This two-pass heat exchange unit good 
example thorough workmanship and 
sturdy, corrosion-resistant construction 
Everdur*. Used for condensing hot vapors 
the manufacture synthetic rubber, 
one three such units built Alloy 
Fabricators, Div. The Robinson Foun- 
dation, Inc., Perth Amboy, 

The shell and removable head were 
formed 3/16” thick Everdur sheet. 
The shell was carbon-arc welded with 
rods Everdur 1010. Everdur plate 7/8” 
thick was used for the tube sheet, the 
tubes being 3/4” .065” gage Everdur. 

This same tough, corrosion-resistant 
copper-silicon alloy was also employed 


CORROSIVE VAPORS 


EVERDUR 
HEAT EXCHANGE UNIT 


One three 200 sq. ft. con- 
length, fabricated from 
Everdur sheet, plate and tubes 
Alloy Fabricators, Div. 
The Robinson Foundation, Inc., 
Perth Amboy, 


for the baffle plates, and for pipe connec- 
tions shell and head. 


For condenser tubes and other parts 
heat exchange equipment subjected 
heat and corrosion, Everdur Metal but 
one number Anaconda Copper- 
base Alloys which provide long, economi- 
cal service under widely varying condi- 
tions. For detailed information, write for 
Publication B-2. *Reg. Pat. Off. 45123 


THE AMERICAN BRASS COMPANY 
General Offices: Waterbury 88, Conn. 
Subsidiary Anaconda Copper Mining Co. 


Canada: ANACONDA Brass LTD., 
New Toronto, Ontario 


Keep Faith With Your Fighters and Yourself! BUY WAR BONDS 
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cathodic protection 


The Dow Chemical Company, pioneer producer 
magnesium America, has conducted continuing 
research program the broad field expanding the 
usefulness magnesium. The extensive range Dow 
research includes years laboratory work and field 
tests prove the value magnesium anode 
for the cathodic protection underground steel 
structures. Dow’s efforts should prove useful 
solving one the greatest problems confronting 


industry today—corrosion. 


MAGNESIUM DIVISION, THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York 


Boston Philadelphia ¢ Washington Cleveland Detroit Chicago 
Houston San Francisco Los Angeles Seattle Tulsa, Okla. 


St. Louis 


| 
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ANOTHER REASON FOR HAVING ALCO BUILD YOUR 
HEAT EXCHANGERS, PRESSURE VESSELS AND PRE- 


FABRICATED PIPING 


you ask design and build 
heat exchangers, pressure vessels, 
prefabricated piping, you know that any 
corrosion problem will given special con- 
sideration from engineering and eco- 
nomic standpoint insure selection ma- 
terials best suited eliminate retard 
corrosion the various parts. 


ALCO analyzes your corrosion problem 
match materials and designs secure 
maximum service for lowest first cost and 
economical maintenance. This analysis must 
insure proper balance between the service 
requirements corrosion resistance, 
strength, and operating features. 


ALco will fabricate from your plans and 


specifications, or, where desired, will the 
designing and write complete specifications. 
ALCO specializes fabricating stainless steel, 
nickel steels, nickel, silicon bronze, monel 
and other copper alloys. These are selected, 
required, for resistance corrosion, 
for use extremely low, high, tempera- 
tures, for various combinations these 
factors. 

Long experience many industries en- 
ables ALco apply adequate “know-how” 
your specific problems. ALco design and fab- 
rication are continually being supplemented 
investigation and research—insuring that 
the latest metallurgical developments will 
wisely applied building equipment that 
will serve you best. 


American Locomotive 


ALCO PRODUCTS DIVISION 


4 
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Agamemnon lay 
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Famous 


The first Atlantic cable was laid 
between Cape Breton, Nova Sco- 
tia, and Newfoundland. 1857 
the cable was completed Ire- 
land and the first messages sent 
between New York City and Eu- 
rope the following year. 

During the same decade, Bitu- 
mastic Enamel the first prod- 
uct its kind—was devel- 
oped for the protection steel 
ships against internal corrosion 
bilges, double bottoms, coal 
bunkers, and other surfaces ex- 
posed severe corrosion. For 
many years, has given maxi- 


mum corrosion protectioa pipe 
lines, steel and iron structures 
industry all over the world. 


Bitumastic Enamel has been used 
many thousands miles 
this country’s gas and oil pipe 
lines because its outstanding 
performance record. Such unex- 
celled qualities good adhesion, 
high viscosity, resistance soil 
stress, and superior flexibility, 
make Bitumastic Enamel ideal 
for giving maximum pipe line 
protection every type corro- 
sive soil and climate. 


WESTFIELD, NEW JERSEY 


New York Philadelphia Cleveland Chicago Houston Tulsa Miami 
San Francisco Los Angeles 
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MONEL CORROSION TESTS HYDROFLUORIC ACID 


Time 
Days 


Area* 


Acid | Temp. 
Cone. % 


Agitator 


Material Ges 


AIR-FREE TESTS—Nitrogen agitation rate = 100 ce/min. 


Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 


Monel (wrought) 


Sooo 


Sooo 


Monel 50 
(cast, non-galling) |. 59 


weve 


Nitrogen 


AIR-SATURATED VS. AIR-FREE TESTS 
Air agitation rote = 300 cc/min. 


25 86 
25 86 


25 176 
25 176 


50 86 
50 86 


50 176 
50 1716 


Air 
Nitrogen 
Air 
Nitrogen 
Air 
Nitrogen 


Air 
Nitrogen 


0.50 
0.50 


0.50 
0.50 


0.50 
0.50 


0.50 
0.50 


Monel (wrought) 


Madi 


« Nitrogen agitation rate = 100 cc/min. 


230.0 


CORROSION RATES 


| 


* dm’ = Sqvere decimeter. t Mdd. = Milligrams per sq. decimeter per day. 


Hydrofluoric alkylation unit at one of the 
world’s largest and most modern refineries. 
It made possible a tremendous increase in 
production of 100-octane aviation superfuel. 


Many metals, normally resistant common forms 
corrosion, are subject severe damage hydrofluoric 
acid. 

Producers and operators alkylation 
units find resistant the acid either 
dilute anhydrous form. Monel also withstands mix- 
tures hydrofluoric acid and hydrocarbons en- 
countered petroleum alkylation. 


desirable for some purposes are the 
superior hardness and non-galling properties cast 
“S” Monel. This alloy, in spite of its 4% silicon content, 
adequately resists HF corrosion. Note its high degree 
corrosion resistance shown the table aboye. 


% * * 


Over period years, the Corrosion Engineering Sec- 
tion Development and Research Division has 
accumulated much valuable data corrosion. wel- 
come the opportunity apply these data your prob- 


lems or to work with your engineers on the problems 
facing them. 


In addition, our Technical Staff stands ready to give 
help with welding or other fabrication questions which 
involve Monel, “S” Monel or other nickel alloys. 


Practical information which most refinery men can 
put to immediate use, is contained in the Summary of 
Corrosion Data in Hydrofluoric Acid; in the article, 
Corrosion Petroleum Refineries; and Technical 
Bulletin T-10, Corrosion Testing Methods. Copies are 
yours for the asking. Write for them. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


NICKEL 


MONEL* “KR” MONEL* “S" MONEL* “R” MONEL’ - “KR” MONEL* INCONEL* “Z" NICKEL NICKEL 
“Reg. U. Pat. Off. 


. 
(approx. 69% Ni, 25 176 0.50 14.5 0.0024 
Monel (cast) 25 176 | Nitrogen 83 0.0014 
50 86 | Nitrogen 28 0.0005 
4 


Write your letterhead 


for 
“ECONOMICS 
WATER 
CONDITIONING” 
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the plastic coatings 
field, Amercoat was 
pioneer and today leader. Since the in- 
ception the plastic industry, Amercoat 
has kept pace with new and improved 
products. 


Amercoat various types may easily 
cold-applied brush spray metal, 
concrete, wood. lining exterior 
coating, eliminates the constant hazard 
corrosion, impervious salt water, 
hydrogen sulfide, caustic soda, sulphuric 
acid, and many other corrosive salts, acids 
and alkalis. 


Consultation with Amercoat represen- 
tative will enable you select the proper 
type plastic coating for you use re- 
ducing wear, lowering maintenance costs 
and avoiding premature replacements. 


WRITE FOR THESE LATEST FACTS 


CORROSION-CONTAMINATION PREVENTION. EVERY ENGINEER SHOULD 
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Facts 
WORTH REMEMBERING 


metal, concrete and wood. 


Amercoat flexible—will 
not check, crack frac- 
ture under moderate vi- 
bration, expansion con- 
traction. 


Amercoat resists shock 
and abrasion. 


Amercoat odorless, 
tasteless, chemically inert, 
dries rapidly, requires 
baking. 


Over different indus- 
tries today are using Amer- 
coat plastic coatings 
the most difficult 


AMERICAN PIPE AND CONSTRUCTION CO. 
P.O, Box 3428, Terminal Annex, Los Angeles 54, California 
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HODIC 


Corrosion ceases problem when install the 
proper type Cathodic Protection your pipe lines, 
storage tanks and other equipment subject it. 

After years applying Cathodic Protection equipment 
throughout the Nation, believe our oil immersed 
rectifier units will give you more trouble-free service per 
dollar invested. They have proven successful areas 
subject salt air along the Gulf Coast and highly corro- 
sive fumes found refineries and chemical 

Having moving parts, the units last indefinitely with 
absolute minimum attention. They are the job 
day and night. 

Specialized engineering service for prevention cor- 
rosion Cathodic Protection yours when you 
with Brance-Krachy. 


NC. 


4411 Navigation 
HOUSTON TEXAS 
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simplify ordering pipe coating and 

wrapping, Pipe Line Service Corporation offers you the 
easiest specifications you could ask for. You indicate either 
coating material desired and PLS does the rest. When you 
consider that you can get any type protection you want, 
just good business let Pine Line Service assume the 


complete responsibility for the finished job. 


INCLUDES 

(1) Mechanical cleaning. 
*(2) Mechanical priming with desired primer. 

(3) Hot application of desired coating. 

(4) Hot application of desired coating. 

(5) One spiral wrapping of desired wrapping material. 
(6) One spiral wrapping of heavy kraft paper. 


INCLUDES 
(1) Mechanical cleaning. 
Mechanical priming with desired primer. 
Hot application of desired coating. 
Hot application of desired coating. 
One spiral wrapping of desired 
wrapping material. 
Hot application of desired coating. 
One spiral wrapping heavy kraft paper. 


Barrett Millwrap Enamel 
Barrett Waterworks 
OTHER MATERIALS AND SPECIFICATIONS REQUEST 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


ELTON STERRETT, Executive Secretary 


quarterly publication—to provide permanent record the papers pre- 
pared for the Association, meetings, annual conventions and 
editorial sources. 


Advertising Executive Secretary, NACE 


Editorial 


Name Industry Area Represented 
Russell Barnard Metallurgy 
Bruce Corey Oil Pipe Lines 
Cunningham Education 
Gorman Electric Power Generation, Transmission, 
Distribution 
Fischer Coatings for Metals Prevent Corrosion 
Gates Water Works 
Frank Jessen Petroleum Production, Mexico 
McGrue Non-Metallic Corrosion-Resisting Materials 
Meagher Petroleum Refining, Canada 
Morton Metallurgy, Non-Ferrous 
Nealy Petroleum Refining 
Walter Price Dock Facilities 
Ralph Troupe Chemical Manufacturing 


PUBLISHED QUARTERLY HOUSTON, TEXAS 
Publication Office: 318 Southern Standard Building, Houston Texas 
Reproduction the contents, either whole part, forbidden unless specific per 
mission has been obtained from the Editor Corrosion. Articles presented represent the 
opinions their authors, and not necessarily those the Editors Corrosion nor the 
officers members the National Association Corrosion Engineers. 
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New Horizons for N.A.C.E. 


War—Rumors Peace—Peace—Reconversion—Hurricane—Floods— 
have not lacked for topics conversation. 


behooves each take stock and look the future. 
individuals have the responsibility contributing the society 
which live make just and durable peace and make work. 
Professionally, have new avenues approach our problems 
virtue release wartime restrictions men and materials. members 
the National Association Corrosion Engineers, have the framework 
for sharing ideas and developing and methods. 


are fortunate indeed have completed our reorganization, and 
have published pamphlet form the Articles Organization and By-Laws, 
and have obtained the services Mr. Elton Sterrett Executive 
Secretary. was formerly member the editorial staff The Oil Weekly 
and considered well qualified for the job which involves managing 
the general office N.A.C.E. well serving managing editor its 
publications. 


The Board Directors, meeting Kansas City, September 17th and 
18th, will lay the basic plans for carrying out all projects, will appoint 
committees distribute the work N.A.C.E. many shoulders and will 
make plans for national meeting the earliest possible date, and thus set 
the machinery motion carry out the spirit and the letter the Articles 
Organization. will, now, possible for N.A.C:E. carry its 
national scale and make extensive and valuable contribu- 
tions the science corrosion control. 


number projects which have been postponed pending the adoption 
the revised Articles Organization and By-Laws are carried 
through rapidly possible. One the projects membership drive 
for all classes members. particularly important that large propor- 
tion the individual engineers, scientists and others working any field 
corrosion corrosion control become associated with N.A.C.E. 
Active Members. opportunity will offered companies, firms 
other organizations participate the work becoming 
Corporate Associate Members soon incorporation N.A.C.E. 
complete. 


the responsibility and privilege the individual members 
N.A.C.E. carry out any program set-up. essential that local groups 
formed and express both their group and individual opinions the 
national organization that the program and policy will represent the 
wishes the members. the desires the leaders that N.A.C.E. 
national geographical scope and complete coverage all fields 
corrosion, that will accepted the logical leader activities relating 
corrosion and that its publications and programs will considered 
the logical media for presenting data and information corrosion. 
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The Corrosion Resistant Characteristies 
Some Condenser Tube Alloys 


Tracy 


Assistant Metallurgist, The American Brass Company 


OPPER alloys find extensive 

use refineries and power 
plants the form tubes and 
sheets for condensers and heat ex- 
changers, primari- 
because their 
sion resistance 
and their freedom 
from the forma- 
tion voluminous 
corrosion products 
even under corro- 
sive conditions. 
The properties 
some the stand- 
ard metals em- 
ployed heat ex- 
changers and con- 
densers are shown 
Table The 
values Table 
should consid- 
ered averages, 
and variations 
properties, due 
manufacturing 
variables, must 
expected. 


Types Corrosion Occurring 
Under Refinery Conditions 
Since the principal use copper 
alloys oil refineries for tubes 
and sheets heat exchangers and 
condensers, large part this dis- 
cussion will concerned with the 


several types tube failure that 
may occur and steps taken 
eliminate minimize such failures. 
not entirely surprising that oil 


Figure 1—75 Diameters. Uniform dezincification Admiralty 


steam side oil heater. 


refineries should encounter all types 
corrosion because cooling waters 
vary from polluted sea water 
clean well water and highly aerated 
spray pond water hard scale- 
forming water. the vapor side 
tubes may contact with prod- 
ucts from “sweet” crudes may 
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CORROSION RESISTANT CHARACTERISTICS CONDENSER TUBES 


contact with high sulphur con- 
stituents from “sour” crudes. 


Dezincification Type Corrosion 


casual examination de- 
zincified tube would give the im- 
pression that zinc was leached from 
the alloy leaving residual copper but 
actually this type corrosion the 
brass dissolves alloy (2). That 
is, all constituents are attacked, but 
the copper from 
the corrosion prod- 
uct replated 
the brass with the 
consequent forma- 
tion galvanic 
cell which the 
copper the ca- 
thode and the brass 
the anode. Low 
water velocities and 
high temperatures 
are 
dezincification cor- 
rosion. 


acid waters, de- 
zincification occurs 
rather uniformly 
over the whole sur- 
face the metal. 
General dezincifica- 
tion the steam 
side 
inhibited Admiralty 
oil-heater tube 
alkaline waters, localized so- 
called “plug” 
occurs, This type dezincification 
usually characterized nodule 
dirty white corrosion products 
under which there will found 
pit filled, partially filled, with 
plug redeposited copper. 

Figure diameters, shows 
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cross section plain Admiralty 
tube corroded from the outside 
water side “plug” type dezincifi- 
cation. This tube was inland 
refinery. The “plug” redeposited 
copper porous and having 
strength may easily forced out 
the cavity. 

Brasses containing more than 
percent zinc are more likely de- 
zincify than those containing less 


/ 


Figure 2—10 Diameters. “Plug type” dezincification Admiralty 
from condenser inland refinery. 


zinc and the tendency dezincify 
increases the zinc content the 


brass increases. Dezincification 
brasses can decreased inhibited 
the addition small amounts 
other elements the alloy. The 
function the one percent tin 
Admiralty decrease dezincifi- 
cation attack and plain Admiralty 
condenser tubes quite well for 
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marine condensers where and when 
temperatures are low and the cool- 
ing water fairly clean, but this alloy 
does not always satisfactorily resist 
corrosion dezincification from 
polluted waters often found re- 
fineries. has been found that the 
addition trace arsenic, anti- 
mony phosphorus Admiralty 
makes the alloy definitely more re- 


Figure 3—6 Diameters. Impingement 
Admiralty tube from condenser tanker. 


sistant dezincification. The effect 
the arsenic probably change 
the potential the surface the 
metal, preventing the redeposition 
copper and prevent the forma- 
tion the copper-brass galvanic 
cell. 

Previous the introduction 
inhibited Admiralty condenser tubes, 
red brass (85 percent copper, per- 
cent zinc) tubes were often selected 


because their resistance de- 
zincification. However, high 
copper content makes red brass less 
resistant than Admiralty suphide 
attack, 


Impingement Corrosion 


Impingement corrosion the at- 
tack metal turbulently flow- 
ing corrosive water containing air 
bubbles (3). Air 
bubbles 
which permits them 
deform under 
pressure will tend 
tive film from sur- 
face which they 
impinge. 
bles may intro- 
duced into the wa- 
ter system around 
packing glands 
pumps may 
formed 
cooling water 
flowing through the 
condenser tubes 
condensers set high 
above the ground. 
Such condensers 
may have 
osion-corrosion the exit side 
producing high 
enough vacuum 
draw dissolved air out the water 
the form bubbles. This type 
corrosion more prevalent 
fineries using sea water for cooling 
than those using inland waters. 

Corrosion-erosion similar im- 
pingement corrosion but not quite 
rapid because air bubbles are not 
involved. caused highly 
turbulent flow cooling water re- 
moving metal ions from corrod- 
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ing surface fast that protective 
film cannot build up. Debris, such 
shells iron rust scales, par- 
tially clogging tube will set 
turbulent flow and 
corrosion-erosion. Neither impinge- 
ment corrosion nor corrosion-erosion 
requires the presence abrasive 
material such silt sand the 
water. The presence abrasive 
will accelerate these types cor- 
roding removing corrosion ‘prod- 
ucts from the area under attack and 
perhaps .even abrading away solid 
metal. 

Pits caused impingement 
erosion-corrosion are free from cor- 
rosion products and are elongated 
and under-cut the down-stream 
end. The pits are often horseshoe 
shaped where some 
ticle has interfered with uniform 
flow. The “toe the horseshoe” 
always faces stream. analogy 
has been drawn the effect that 
they give the appearance the foot- 
prints made horse walking 
stream. Figure shows the surface 
Admiralty tube with charac- 
teristic horseshoe shaped pits the 
water side. The tube was the 
condenser tanker. 

Admiralty definitely better than 
red brass for resistance impinge- 
ment corrosion-erosion. The addi- 
tion dezincification inhibitors— 
arsenic, antimony phosphorus— 
has very little effeet these tvpes 
corrosion. There some indica- 
tion that arsenic helps form layer 
corrosion products that more 
water than the case with the alloy 
containing arsenic. 

Impingement corrosion may 
avoided least kept mini- 
mum preventing the entrance 
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formation air bubbles. This type 
corrosion 
may also minimized keeping 
tubes free from debris which would 
set turbulent non-uniform 
flow. 


already suggested, resistance 
impingement corrosion corro- 
sion-erosion depends the type 
protective film which forms 
during use. The rating sea 
water for some the standard con- 
denser tube alloys for resistance 
these types corrosion would be: 

Copper—poor 
Admiralty (plain) 
Arsenical Admiralty 
Aluminum brass 

30% Cupro-nickel—best. 


The addition percent iron 
percent cupro-nickel markedly 
increases the resistance this alloy 
impingement corrosion (4) (5). 


Stress Corrosion 


Stress-corrosion cracking con- 
denser tubes not common cause 
tube failures refineries, but 
when does occur, tube life may 
extremely short. The best knowl- 
edge date indicates that the stress- 
corrosion cracking copper alloys 
requires the simultaneous action 
atmosphere containing moisture, 
oxygen and ammonia and stress 
the metal. Tubes having stresses 
residual from cold drawing will 
usually crack longitudinally, Such 
failures are rare because gen- 
eral practice give condenser tubes 
light recrystallizing anneal re- 
lieve residual stresses. Longitudinal 
stresses may set while tubes 
are being rolled into bundle 
may due large temperature 
gradients bundle high tem- 
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peratures. Tubes with longitudinal 
stress will crack transversely. Stress- 
corrosion cracking usually char- 
acterized intergranular attack, 
possibly due the greater vulner- 
ability the grain boundaries either 
from segregation minute impuri- 
ties due atomic distortions. 
However, when stresses are very 


Figure 4—75 Diameters. Intergranular stress-corrosion cracked 
Admiralty tube oil cooler. 


high, cracks have been known 
proceed across the grain rather than 
follow grain boundaries. ex- 
ample intergranular corrosion 
Admiralty condenser tube from 
oil cooler shown Figure 
corrosion cracked Admiralty tube 
The crack here 
granular, possibly because stresses 
were very high. 


The tendency brasses stress- 
corrosion crack increases with zinc 
content. Red brass more resistant 
this type attack than Ad- 
miralty, and cupro-nickels are prac- 
tically immune this type 
corrosion. Laboratory tests and field 
experience have indicated that the 
dezincification inhibitors arsenic, 
antimony and phos- 
have 
effect the resist- 
ance Admiralty 
alloy stress-cor- 
rosion cracking 
atmosphere con- 
taining ammonia. 

The stress-corro- 
sion cracking 
denser tubes not 
common even where 
fairly large amounts 
ammonia are 
present the over- 
head vapors, prob- 
ably because the 
concentration 
oxygen the va- 
pors low. Still, 
the ammonia con- 
tent refinery va- 
pors should kept 
low posible 
and yet give corrosion protection 
the iron parts the equipment. The 
ammonia content should con- 
trolled that the condensed 
water vapors not over and pref- 
erably should not over 
Higher amounts ammonia may 
not cause stress-corrosion cracking 
but may cause rapid thinning the 
tubes. 

Caustic soda soda ash may 
controlled higher concentration 
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than ammonia but does not ap- 
pear feasible allow the 
condensate containing caustics 
higher than 10. Cases are known 
where combination ammonia 
and soda ash caustic soda the 
overhead vapor lines caused rapid 
corrosion and cracking Admir- 
alty tubes. was 
concluded that the 
soda ash caustic 
soda had acted 
keep more the 
ammonia the 
free states and 
there was also the 
thought that the 
soda ash caustic 
soda had formed 


the 
which helped 
concentrate corro- 
sive attack grain 
boundaries. 

Where large 
quantities am- 
monia are present 
from decomposition 
nitrogenous com- 
pounds during 
processing 
addition prevent 
corrosion iron, the introduction 
water into the vapor will help 
keep the concentration ammonia 
low and will also reduce the tendency 
for the bundle become choked 
with ammonium chloride other 
salts. 

Fatigue Failures 


refineries, condenser tubes 
may fatigue crack stresses set 
vibration are high enough 
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exceed the fatigue limit the metal. 
Fatigue cracks always cut across 
grains and never follow grain bound- 
aries. Work hardening the metal 
adjacent the crack may some- 
times observed, The outside sur- 
face tube which has failed 
fatigue will often battered 


Figure 5—75 Diameters. Transcrystalline stress-corrosion cracking 
Admiralty tube from heat exchanger natural gas plant 


condition where passes through 
baffle plates. The best cure for 
fatigue failure find the cause 
vibration and eliminate it, rather 
than consider replacing with an- 
other alloy. Figure diameters 
shows the start fatigue crack 
Admiralty condenser tube 
which failed after six months serv- 
ice butadiene plant. 


Condenser Metals 
Some the resistant 


) 
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properties non-ferrous condenser 
and heat exchanger tubes have al- 
ready been mentioned, but seems 
worth while summarize the gen- 
eral properties each. 


Deoxidized and Arsenical Coppers 


—These metals not find exten- 
sive use oil refinery exchangers 
and condensers, primarily because 


Figure 6—75 Diameters. Fatigue crack Admiralty tube from 
condenser butadiene plant. 


their low resistance sulphide cor- 
rosion. Further, they not offer 
satisfactory resistance corrosion 
rapidly flowing sea water. 

Red Brass—Red brass has been em- 
ployed for condenser tubes 
fineries particularly under conditions 
where the older type Admiralty 
dezincified. Red brass definitely 
more resistant than copper corro- 
sion sulphides and_ brackish 


eg 
ing 


ages either arse- 
>» 


waters. This alloy also offers good 
resistance 
cracking. 

Admiralty—This alloy has been the 
standard non-ferrous condenser tube 
metal the oil refinery industry for 
many years. offers good resistance 
sulphide and ammonia corrosion 
the vapor side and resistant 
fresh, brackish and 
saline waters the 
water side. The al- 
loy has 
erty building 
good adherent, 
protective film 
corrosion products 
making resistant 
corrosion under 
adverse water con- 
ditions. The value 
Admiralty for re- 
finery equipment 
has been markedly 
improved the 
addition small 


nic, antimony 
phosphorus, which 
effectively inhibit 
dezincification 
either acid alka- 
line waters. Admir- 
alty tubes find their greatest use 
bundles where the temperatures 
the entering vapors are not above 
350 400° 


Aluminum Brass—This alloy has 
not had extended trials oil re- 
fineries. What information there 
indicates that the alloy would offer 
about the same resistance Ad- 
miralty from corrosion the vapor 
side. Experience power plants 
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Figure 7—Experimental condenser for investigating corrosion resistance tubes 
water-side conditions. 


and board ship shows aluminum 
brass offer better resistance 
impingement corrosion 
aerated clear polluted sea water 
than has been offered Admiralty. 
Refineries using sea water for cool- 
ing should obtain better service from 
aluminum brass tubes than from 
Admiralty tubes. 
Cupro-nickels—Cupro-nickel (70 
percent copper, percent nickel) 
condenser tubes have advantage- 
ously replaced Admiralty bundles 
where temperatures were above 
400° and saline water was the 
cooling medium. Tube life for the 
70-30 cupro-nickel has been three 
four times that Admiralty. This 
better service from cupro-nickel 
the result several desirable char- 


acteristics the alloy. retains 


strength high temperatures than 
does Admiralty and the same time 
definitely more resistant cor- 
rosion ammonia caustic soda 
and practically immune stress- 
corrosion cracking. The alloy 
highly resistant corrosion all 
kinds cooling waters. has re- 
cently been found that the addition 
percent iron the 70:30 
cupro-nickel adds further resistance 
pitting and impingement corro- 
sion sea water. 

Laboratory tests have indicated 
that percent cupro-nickel contain- 
ing iron highly resist- 
ant salt water corrosion (5). 
data its resistance corrosion 
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from the vapor side oil refineries 
are yet available. 

Aluminum Bronze The possible 
value percent aluminum bronze 
refineries has not been investi- 
gated. This alloy has good strength 
properties and resistant stress- 
corrosion cracking. not re- 
sistant Admiralty sulphide cor- 
rosion. Its resistance sea water 
has been variable and may depend 
the type corrosion products 
formed during the initial exposure. 

The alloys discussed are the result 
development and testing carried 
over long period years 


many investigators. Research still 
being done discover better alloys 
for condenser tubes. Figure shows 
experimental ‘condenser used 
the Corrosion Research Laboratory 
The American Brass Company 
study corrosion factors affecting the 
water side condenser tubes. How- 
ever, laboratory test will deter- 
mine how metal will stand 
refinery condenser and the willing- 
ness with which progressive refinery 
engineers have making 
plant tests has benefited both the 
refineries and the tube manufac- 
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Light Metals for the Cathodie Protection 
Steel Structures 


Mears 


Chief, Chemical Section, Development Division 


and 


Brown 


Service Engineer, Aluminum Company of America 


ATHODIC protection can 
achieved either one two 
main methods; that is, using cur- 
rent supplied from some external 
source, motor-driven generator, 
means galvanic action re- 
sulting from contact anodic 
metal with the structure pro- 
tected, this paper, attention will 
directed mainly the second 
method cathodic protection. 

When dissimilar metal alloy 
used supply current steel 
structure, the first requirement 
that the dissimilar metal alloy 
must definitely anodic steel. 
The solution potentials metals 
alloys depend, considerable ex- 
tent, the medium which they 
are exposed. However, reasonable 
means comparing the inherent re- 
activity different metals based 
measuring the solution potential 
each metal solution which 
unit activity the ions that par- 
ticular metal. Generally, these po- 
tentials are measured against nor- 
mal hydrogen list 
such potentials decreasing order 
activity called the Electromo- 
tive Series. 

pipe-line work, generally the 
saturated copper sulfate electrode 
used reference electrode. The 
potentials against this half cell are 
very nearly the same as_ those 
against tenth normal calomel half 
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cell. This tenth normal calomel half 
cell often used laboratory work 
because its low temperature co- 
efficient. 


TABLE 


Reversible Potentials Metals 


(From Electromotive Force Series Referred to a 
0.1N Calomel Cell Instead of a Normal Hydrogen 


Electrode. ) 
Difference in 
Potential, Potential Compared 

METAL Volts to Iron, Volts 
Magnesium... —2.68 1.90 
Aluminum.... —2.01 1.23 
—1.10 0.32 


Table the solution potentials 
several metals which offer prom- 
ise for use the cathodic protec- 
tion steel structures are given. 
The values this table are the same 
the customary Electromotive 
Force Series, except that they have 
been referred 0.1N calomel half 
cell instead the normal hydro- 
gen 

Now, while the potentials given 
Table are not always obtained 
specific media, such natural 
waters moist soils, these values 
indicate the inherent potential 
behavior the various metals. 
Thus, the various metals listed 
Table magnesium would ex- 
pected develop the most anodic 
potential and iron the least anodic 
potential. 

Any the three metals having 


f 
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potentials above iron offer promise 
protecting iron some specific 
environment. 


Equivalents 


While anodic potential with 
respect iron first importance 
obtaining cathodic protection, 
current must also supplied the 
iron (or steel) structure. Current 


TABLE 


Electrochemical Equivalents 
Metals 


Weight of Metal 

Consumed per 26.8 
Ampere Hours |Ampere Hours 
Current Passed, per Pound of 


METAL Grams Metal 
Magnesium... 12.2 997 
Aluminum.... 9.0 1352 
32.7 372 


can flow only some reaction, gen- 
erally solution the protective elec- 
trode, occurs the anode. metal 
from the anodic material all used 
supplying useful current the 


lists the electrochemical equivalents 
several metals. 


From Table can seen that, 
the three metals listed, 100 per- 
cent current efficiency the smallest 
weight aluminum consumed per 
unit quantity current passed (1). 
The weight aluminum required 
only 27.5 percent that zinc and 
73.7 percent that magnesium, 
assuming all the metal used 
supplying useful current. 

Thus, the data both Table 
and Table are considered, mag- 
nesium advantageous that theo- 
retically should give the greatest 
potential against iron while aluminum 
advantageous that theoretically 
should supply the greatest quan- 
tity current per pound metal. 


Measurements Made Under 
Laboratory Conditions 


was emphasized the preced- 
ing sections that the values given 


TABLE 


Solution Potentials Several Metals Various Solutions 


(All 1 molar in concentration unless noted. From Electromotive Force Series referred to a 0.1N 
Calomel Cell instead of a normal hydrogen electrode.) 


Sodium | Hydro- 
Sodium | Sodium | Chro- | chloric 
METAL Sulfate mate Acid 
Aluminum....| —0.86 —0.50 —0.71 —0.80 
Zinc..........| —1.15 —1.19 —0.67 —1.14 


Calcium} Barium 


Am- Hy- Hy- 

Sodium droxide droxide 

Nitric Hy- Hy- (Satu- (Satu- 
Acid droxide | droxide | rated) rated) 
—0.49 —1.50 —0.80 —1.54 —1.53 
—1.06 —1.50 —1.40 


steel, there definite relationship 
between the quantity current sup- 
plied and the amount anodic metal 
dissolved. This known 
electrochemical equivalent the 
metal. For all metals this can 
calculated from the atomic weight 
the metal divided the valence 
which the metal dissolves. Table 


Tables and were theoretical 
values obtained under reversible 
ideal conditions. interesting 
compare values solution potential 
and current efficiency for the various 
metals under test conditions. 
series tests was therefore made 
under laboratory conditions com- 
pare the solution potentials the 
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various metals. The results are given 
Table 

will noted from the data 
Table III that neutral acid 
solutions the potential aluminum 
generally lower than that either 
zinc magnesium. However, the 
alkaline solutions (other than am- 
monium hydroxide), the potential 
than any the other metals listed. 


TABLE 


Solution Potentials Alloys Various Solutions 


(All 1 molar in concentration unless noted. From Electromotive Force Series referred to a 0.1N 
Calomel Cell instead of a normal hydrogen electrode.) 


Sodium 
Sulfate | Hydro- | Sodium 
Sodium | (Satu- | chloric Hy- 
METAL Chloride] rated) Acid droxide 
Aluminum (2S)} —0.85 —0.50 —0.88 —1.47 
Aluminum 
with 1% 
Zinc —0.96 —1.02 —1.56 
Aluminum 
with 
Aluminum 
with 10% 
—0.66 —1.12 —1.58 
Aluminum 
with 15% 
The reason that the aluminum 


does not develop high solution 
potential many solutions would 
expected from the Electromotive 
Force Series probably because 
aluminum rapidly coats itself with 
protective oxide (or other) film upon 
exposure many solutions. 
alkaline solutions this protective film 
not stable, that the aluminum 
remains active. 


Effect Alloying Solution 
Potentials 
alloy were measured 
various solutions. These results 
are given Table IV. can 
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observed from Table that, the 
neutral solutions, the addition 
definitely raises the solution 
potential aluminum. alkaline 
solutions, the potential aluminum 
high and not raised greatly 
the addition zinc. 

neutral solutions, especially 
those containing chlorides, the po- 
tentials the alloys 
approach those zinc. would 


Calcium 
Tri- Hy- Car- Calcium 

Sodium | sodium | droxide | bonate | Sulfate 
Car- Phos- (Satu- (Satu- (Satu- 
bonate phate rated) rated) rated) 
—1.50 —1.54 —1.57 —1.05 —0.82 
—1.52 —1.58 —0.84 
—1.49 —1.54 —0.80 


also expected that for equal quan- 
tities current supplied elec- 
trodes such alloys, the weight 
metal consumed would substan- 
tially lower than that zinc. 
laboratory tests about 100 hours’ 
duration, this expectation was ful- 
filled. The aluminum-base alloys 
generally lost less than one-third 
much weight did the zinc. There- 
fore, from the standpoint metal 
consumed, the aluminum-base alloys 
appear definitely superior zinc. 


Results Soil Tests 


far the authors are aware, 
long-time tests the effective- 
ness aluminum aluminum-zinc 
alloy electrodes cathodically pro- 
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TABLE 
Results Short Time Tests Soil 
Potential Current 
Test Anode Output Open Circuit 
Metal Alloy Backfill Used Earth, Volts Pipe, Volts 
Loose Clay 0.70 0.00 
Aluminum + 16% 0.80 0.15 
Aluminum 6.5% Zinc 0.5% 1.20 0.25 
1.06 0.40 
0.91 0.23 
Clay plus 
sodium chloride 0.90 0.32 
Aluminum 6.5% 0.5% Copper. 1.02 0.33 
sodium chloride 
and 5% lime 1.37 0.85 
Aluminum + 6.5% Zinc & 0.5% Copper. “x 1.43 0.71 
sodium chloride 
and lime 1.08 0.36 


Notes:— (a) The 2S, 72S and zinc electrodes were sheared from rolled plate. They were Mx3x 36” in size 
and were used with no special surface treatment. The aluminum alloy containing 6.5% zinc and 
0.5% copper and the magnesium were cast and, in most cases, were used with the as cast surface. 
The cast aluminum alloy electrode was also 4 x 3 x 36” in size but the magnesium electrode was 


3 x 3 x 36” in size. 


The steel water pipe had a potential of 0.7 volts to a remote copper sulfate electrode. 
The pH values of the clay and of the clay-sodium chloride mixture were substantially 7.0, while 
that of the mixture containing lime was above 10.0. 

(b) This 72S electrode had been in the ground for 3 days connected to the water pipe prior to taking 


these measurements. 


(c) After taking a set of measurements with the “‘as cast’’ surface still on the cast aluminum alloy, the 
surface was ground with a mechanical sander to remove the “‘cast skin’’. 


tecting steel structures buried un- 
derground have been completed (2). 
However, such tests are now under 
way and initial short-time results 
are available. One these tests was 
conducted personnel the Engi- 
neering Department, United Gas 
Corporation, Houston, Texas. Data 
from this test are presented here 
through the courtesy Mr. 
Morgan and Mr. Fanett. 

The test was made the Dis- 
tribution Plant the United Gas 
Corporation Houston. The elec- 
trodes the various metals al- 
loys were tested separately plac- 
ing each anode hole inches 
diameter inches deep and 
filling the hole with various back- 
fill mixtures. Arrangements were 


made that the open-circuit poten- 
tial each anode remote copper 
sulfate electrode could measured. 
Then the current output each 
electrode was measured zero- 
resistance milliammeter when the 
electrode was shorted buried 
steel water pipe. The value cur- 
rent noted was the fairly constant 
value obtained all cases after 
minutes. After noting this con- 
stant value, the circuit was broken 
and the potential difference between 
the electrode and the water pipe was 
measured. The results obtained and 
some further data the tests are 
given Table 

Naturally these short-time results 
can taken only indications, 
since much longer periods ex- 
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posure are required 
information. However, the results 
the short-time test 72S 
loose clay are compared for three 
days, can seen that higher 
potential and larger current were 
obtained the case the test 
longer duration. This suggests that 
the values given for the short-time 
tests are conservative. 

The data Table indicate that 
the neutral clay soil, the alumi- 
num alloy .containing 6.5 percent 
zinc superior both and 72S. 
the clay plus sodium chloride, the 
same general trend evident, but 
this case the aluminum-base 
alloys compare more favorably with 
zinc. This comparison made more 
favorable the probable lower metal 
loss the aluminum-base alloy 
compared with zinc for given quan- 
tities current also taken into 
account. 

the clay mixture containing 
sodium chloride and lime, the 
aluminum-base alloys all develop 
high potentials and supply large 
currents. Thus, this mixture they 
appear highly promising. labora- 
tory tests mixtures sand, 
sodium chloride and lime, similar 
aluminum-base alloys attached 
steel corroded almost 100 percent 


Relative Costs Current Supplied 
Various Metal Anodes 

Once established that each 
several metals alloys will give 
satisfactory cathodic then 
the relative costs the different 
materials per unit quantity cur- 
rent supplied are important. con- 
venient quantity current con- 
sider ampere year, Therefore, 
Table the costs per ampere 
year for electrodes different forms 
various metals are given. These 
calculations are based 100 per- 
cent current efficiency. will 
noted that the cost current 100 
percent current efficiency from 
aluminum anode definitely lower 
than that from either magnesium 


Anodes for Use With Externally 
Supplied Currents 


Through the courtesy Mr. 
Sudrabin, Electro-Rustproof- 
ing Company Dayton, Ohio, 
learn that aluminum alloy (17S-T) 
anodes have been used successfully 
the cathodic protection steel 
water storage tanks for city and in- 
dustrial use. this case, current 
was supplied either motor gen- 
erator sets the use trans- 
formers and rectifiers 
power lines. Anodes steel, cast 


current efficiency. iron and carbon well 
TABLE 
Approximate Relative Cost Current Supplied Various Metal Anodes 
(All costs are based on carload lots.) 
ost per Ampere Year 
(100% an Efficiency) in Dollars 
Lbs. Metal Bar, 
per Ampere Plate, 4” Rod, 114” Rectangular 
METAL Year Pig (a) Thick (b) Diameter (c) (d) 
8.8 1.804 4.136 3.916 4.444 
6.5 0.910 1.378 1.495 1.593 
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aluminum have been considered for 
this application, Steel and cast iron 
disadvantages. The 
electrochemical equivalent iron 
high (about 20.2 pounds per am- 
pere year). Also, iron steel an- 
odes sufficient size last several 
years customary current densities 
are heavy and, therefore, difficult 
install. was also found that such 
anodes often developed localized 
pitting attack, which particularly 
undesirable for such application. 
Carbon anodes, because their me- 
chanical properties, are difficult 
install. Thus far, after tests 
two years’ duration, the aluminum 
alloy anodes have proved the most 
satisfactory those tried because 
their light weight, low electro- 
chemical equivalent, high current 
efficiency, and the uniform nature 
the attack which occurs. 


Summary 
the present time, Anodes 
zinc have been used the most widely 
the cathodic protection under- 
ground steel structures galvanic 
action. However, the light metals, 
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aluminum and magnesium, have 
several theoretical advantages. Both 
aluminum and 
higher the Electromotive Series 
than zinc. Both the light metals 
chemical equivalents than zinc. 
Thus, 100 percent current effi- 
ciency, substantially less weight 
aluminum magnesium would 
consumed than that zinc per am- 
pere year current supplied. the 
present costs the various metals, 
assuming 100 percent current effi- 
ciency obtained all cases, alu- 
minum anodes will supply current 
lower cost than will anodes 
either the other metals. 

Because these fundamental ad- 
vantages the light metals, 
extensive field investigation their 


usefulness the cathodic protection. 


underground steel structures 
warranted. 
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INC ANODES have been used 

marine installations for preventing 
corrosion propeller shafts fit- 
only recent years, however, that 
the practicability using zinc an- 
odes the cathodic protection 
pipe lines has received much atten- 
tion. Very little information avail- 
able the form technical publica- 
tions dealing with the long-time 
performance zinc anodes used for 
cathodic protection different types 
soil, and there appear 
experience records which might 
used guide determining, for 
example, the ampere hour output 
which might expected zinc 
more. Some experimenters have 
reported the tendency zinc anodes 
become passive after two three 
years action the soil. other 
cases the reports show satisfactory 
performance zinc anodes arrest- 
ing corrosion for periods ranging 
from eight years. 

The use zinc current source 
cathodic protection has number 
advantages where soil conditions 
are favorable. The cost installing 
and maintaining zinc installations 
general less than the cost the 
more usual types sources such 
rectifiers, motor generators, gas 
engines. With zinc there are off- 
time periods such frequently oc- 
cur with gas engines windmills, 
consideration which usually given 
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too little weight evaluating the 
merits various current sources. 
Zinc efficiently adapted for use 
either bare coated pipe lines and 
provides economical method 
obtaining protection line spe- 
cific locations which are known 
highly anodic other sections. 
These locations are frequently re- 
mote from power lines, making 
impractical use rectifiers. Since 
the zinc anodes serve both cur- 
rent source and ground bed, the 
problem providing and maintain- 
ing large masses metal exten- 
sive ground beds avoided, the 
use zinc anodes, practical 
provide protection coated lines 
cities and congested areas without 
introducing problems interference 
nearby structures. 

Concerning the disadvantages 
zinc current source cathodic 
protection installations, perhaps the 
most important the lack infor- 
mation the long-time perform- 
ance zinc the various types 
soil that are encountered. Zinc may 
not applicable for use locations 
where high soil resistivity limits the 
current output small values. 
some locations the constituents 
the soil may result the building 
high resistance films which 
limit the current output values 
below the requirements for protec- 
tion the lines. With increasing ex- 
perience the use zinc various 
types soils, methods over- 
coming these tendencies toward 
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passivity will doubt found. 
The possibilities using zinc an- 
odes large scale for the ca- 
thodic protection pipe lines was 
paper (1), presented 1935, and 
one the earliest successful in- 
stallations zinc large scale 
was reported paper (2) 
Smith and Marshall Ford, Bacon 
Davis, Inc. This paper describes 
installations beginning 1935 
6-inch and 8-inch welded lines 
which result highly corrosive 
conditions had developed numerous 
corrosion leaks after five years serv- 
ice. more recent paper (3), 
Mudd the early use zinc 
presents data the performance 
zinc anodes used cathodically pro- 
tect pipe line. particular in- 
terest the latter paper the ob- 
servation that zinc anodes soils 
containing 
tendency become inactive than 
plates installed the other soils 
the region. paper (4) 
Brockschmidt describes installa- 
tion made 1939 18-inch pipe 
line located severely corrosive 
soil. The results reported these 
papers provide encouraging evidence 
under wide range conditions; 
however, they also illustrate the 
need for more intensive study 
the long-time behavior zinc when 
used anode electrolytes. 
view the complicated electro- 
chemical reactions which may result 
various soils, great deal ex- 
perimental work numerous in- 
vestigators will required 
answer the many questions involved. 
One notable step this direction 
has been taken the Bureau 
Standards (5) locating buried 
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zinc-iron couples number 
points throughout the country 
study their behavior different 
types soil. These tests have been 
progress since 1941 and should 
provide some valuable data. 


Character Corrosion Products 
Zinc Anodes Buried Various 
Types Soil 


One among the problems 
which more information needed 
concerns the character the cor- 
rosion products that are built 
the surface. Soils which tend 
produce insoluble, high-resistance 
having low porosity would 
tend reduce current output due 
increased circuit these 
effects were not too pronounced, 
some compensation for them might 
secured using anodes having 
high ratio surface area vol- 
ume. The resistance earth 
zinc rod when installed initially 
governed the same laws that ap- 
ply driven grounds other 
metallic structures conducting 
medium. the case rods, for 
example, the length and soil resist- 
ance are the important factors 
determining the resistance earth, 
the diameter area being sec- 
ondary importance (see Figure 11). 
These relationships, however, not 
applv the surface the rod 
should become coated with high- 
resistance film, which case the 
area becomes greater importance 
and the length and soil resistance 
lesser importance determining the 
resistance earth. 

the film has high porosity, its 
effect the resistance tends 


‘small the zinc anodes are 


usually installed permanently 
moist earth. The thickness film 
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Ground 


Soldered 
cand 


Spaced 


Figure Typical installation 
rods. 


formations the surface the zinc tion the zinc long the corro- 
would influenced their solu- products have high porosity 
bility. Soluble corrosion high purity zinc used. 

porous the Changes Film Potential 

thick films. This leaching action, The potential zinc anodes when 
however, would not present installed ordinary soils 
tight clay soils where water move- the neighborhood 1.1 volts, 
ment slow, and probably not copper-sulphate elec- 
requirement for the continued ac- trode. consideration major im- 
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portance concerns 
that substantial changes may occur 
this potential with the formation 
corrosion products the surface 
the anode adjacent soil. 
reduction few tenths volt 
the open circuit potential the 
zinc anode the soil would greatly 
reduce the current output. 

For example, consider zinc an- 
ode and iron cathode with open- 
circuit potentials 1.1 and 0.6 volts 
respectively, measured copper- 
sulphate electrode. The difference, 
0.5 volt, the voltage initially avail- 
able set flow current when 
the two electrodes are connected to- 
gether. the iron cathode becomes 
polarized, its potential may increase 
say 0.85 volt, leaving 0.25 volt 
available the circuit maintain 
the current flow. fouling the 
surface should reduce its open 
circuit potential much 0.25 
volt, that from 1.1 0.85 volt, 
cathode having 0.85 volt, and the 
potential the iron cathode would 
drop new equilibrium value be- 
low the polarization potential neces- 
sary insure protection against 
corrosion. 

therefore desirable deter- 
mine the types constituents 
soils that tend reduce the zinc 
potential and practical methods for 
counteracting The data dis- 
cussed later this report show that, 
for the particular soils tested, the 
change the potential high 
purity zinc over period eight 
years had been small. 


Effect Impurities Zinc Anodes 


appears possible that impurities 
the zinc could have effect 
the overall behavior the anodes 
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over period time. One possible 
effect reduction the potential 
due the surface becoming fouled 
with impurities having lower po- 
tential than zinc. The presence 
impurities may also increase the 
local-action currents, with resulting 
consumption zinc faster rate 
than that due the current delivered 
the pipe line. zinc losses from 
local action particular soil are 
substantial, may desirable from 
this consideration operate the an- 
odes relatively high current 
density and design installation 
the basis say five years life in- 
stead ten twenty years life. 
the other hand high degree 
purity the zinc may the best 
solution. Available evidence 
cates that zinc losses from local 
action currents are probably un- 
important the usual types soil. 
Local Action Currents from 
Different Soil Strata 

practical installation the zinc 
anodes are frequently placed 
vertical position and are contact 
with soil strata varying composi- 
tion, moisture content, and aeration. 
This introduces possibilities cur- 
rents flowing between two parts 
the anode exposed different soils. 
this case are dealing with 
galvanic currents resulting from the 
metal’s exposure different elec- 
trolytes and this occurs regardless 
the purity the metal. However, 
where the zinc delivering ap- 
preciable current the pipe line, 
the R-drops the surface 
tend counteract any tendency for 
circulating currents 
strata, the net effect being varia- 
tion the amount current which 
the different zinc surfaces deliver 
the pipe line. 
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Effect Current Density the 
Behavior Zinc Anodes 

The matter current density 
the zinc surface may possibly have 
important effect the long-time 
behavior the anode. With high 
current density the film formation 
may too rapid dissolved 
soil waters; the other hand, the 
general reaction the anode sur- 
face would tend increase 
the degree acidity lowering 
pH, and this turn affects the 
character and solubility the cor- 
rosion products. 

The current density the initial 
stages can controlled some 
extent the spacing, shape, and 
dimensions the anodes, the 
use series resistance. Various 
practical considerations, however, 
are involved from the standpoint 
installation costs, which limit the 
degree freedom the selection 
anode shapes. One form anode 
which has been used consider- 
able extent consists cast zinc 
rod cylindrical shape about 
inch diameter and feet long, 
weighing pounds and provided 
with steel core. low- 
resistance soil say 500 ohm/cm, 
the initial output such rod when 
connected coated pipe line 
polarized say 0.85 volts, about 
milliamperes. This represents 
current density milliamperes 
per square foot zinc surface. This 
initial current may reach 200 mils, 
140 mils per square foot with the 
anode working against pipe line 
0.5 volt. one fairly extensive 
installation which cylindrical an- 
odes inches long and inches 
diameter were used protect 
poorly coated line having potential 
about 0.60 volt, the current dens- 
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ity ranged from mils per 
square foot surface. 


still another type installation 
employing group ten zinc an- 
odes inches wide and inches 
long) parallel, spaced feet apart, 
the current delivered coated line 
0.85 volt potential was 300 mils. 
This corresponds with current 
density mils per square foot 
zinc surface. 

The current densities encountered 
practice probably range from 
200 mils per square foot zinc sur- 
face, the higher densities occurring 
only where the zinc connected 
unpolarized line extremely 
low-resistance soil. these higher 
densities some polarization (approxi- 
mately 100 millivolts) the zinc 
anodes has been observed, resulting 
reduction the effective volt- 
age available overcome circuit 
resistance. 

Another factor related current 
density the possibility deple- 
tion the salts the soil adjacent 
the zinc anode. Such effect might 
tend most pronounced in- 
stallations designed give high 
current density. 
measurements recently made soil 
samples taken next rods 
which had been operating for eight 
years current densities about 
milliamperes per square foot, did 
not show that any marked change 
resistivity had occurred over the 
eight-year period. 


Use Chemical Materials 


The use chemical materials 
the soil adjacent the zinc anodes 
offers possibilities reducing the 
tendency the anodes become 
passive where soil conditions are 
unfavorable. One method which has 
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been used practical installation 
discussed the paper (3), 
Mudd. The method (see Figure 
consists the use gypsum (cal- 
cium sulphate) crystals packed 
around the anodes. Experience with 
this method extends over period 
about six years. pointed out 
the above paper the low solubility 
gypsum prevents the material from 
leaching away, which impor- 
tant practical consideration where 
chemicals are used porous soils. 
Additional data the use pow- 
dered gypsum mixed with the soil 
used backfill the zinc anodes are 
discussed subsequent sections 
the report. 

Certain chemical treatments might 
objectionable due increased 
zinc losses from local action cur- 
rents the contamination the 
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soil near the pipe line, introducing 
possibilities strong galvanic cou- 
ples. 
Tests Zinc Protected Lines the 
Colorado Interstate Gas Company 
The anode. installations 
Colorado, gas pipe lines the 
Colorado Interstate Gas Company, 
have been service from six 
eight years. Olson the 
United Gas Pipe Line Company, 
discussing the performance these 
zinc installations with engineers 
the Colorado company arranged for 
field study the present condi- 
Bureau Standards agreed par- 
ticipate the tests, which were 
carried out during the period from 
November November 26, 1943. 
map the sections lines 
where zinc rods have been installed 
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TABLE 
Condensed Summary Measurements—Colorado Springs Tests, November, 1944 


CORROSION ENGINEERS 


Soil Resistivity— 


Zinc Rods 
DS Date Pipe Electrode Spacing 
Point Line Station No. Pipe | Zinc | Ft. Ft. In. | Coating | Pipe Level In. Ft. Ft. Ft. 
1 Rocky Ford | 5th Tie-in Sta. | 1929 | 1935 | 10 5 8 | Cold Wet Brown 370 | 370} 460 
Lateral 164+-00 ap- Coat Clay with 
prox. Alkali 
La Junta Fox Farm 1551 | 1929 |1935 10 5 8 | Cold Brown Sandy| 2500 | 1000 | 660| 620 
Branch + 46 1941 10 5 Coat Clay with 
(Pipe ditch) Alkali 
3 1552 + 27 1929 10 5 8 | 1100 620 | 530 
Lateral 964 + 46 1941 14 14 Coat — aT 
wit ali 


7 e + 215 + 31 1929 
King Arroyo 
Ditch 
7 ~ 214 + 16 1929 | 1937 | 14 


Wet Brown* 


Coat Sandy Clay 


“184 + 88 
9 ‘Le Junta "Horse Pasture | 1929 | 1937 | 11 
Branch 1113 + 74 


7 6 | Cold Very Hard 1080 | 500 | 600 
Coat Brown Clay 
with Alkali 

Coat Sandy Clay 


Fairly Moist 


ll Colorado Pring Ranch 1931 | 1937 il 
12 Springs 274 + 24 
Lateral 
xa) or 274 + 92 1931 | 1935 | 11 


5%; 8 | Enamel | Brown Sandy} 1200 | 450] 240| 160 
lay with 
Alkali 


1935 
1935 


1931 
1937 


Tie-ins No. 3, 


Enamel | Swampy 2000 !! with canes 


Bare 


Note:—Numbers in parentheses refer to the sample number of the soil or zine rod. 


shown Figure The first in- 
stallations were made the fall 
1935 near Rocky Ford and Junta 
lines laid 1929, using rather 
thin-walled pipe and cold coat 
bituminous paint. Reconditioning 
some sections pipe had become 
numerous leaks locations where 
highly corrosive soil existed. the 
spring 1935, corrosion leaks were 
developing such rapid rate that 


* Black soil around pipe at location of 1941 leak—showed presence of sulphides in HCI acid test and lead acetate paper. 


cathodic protection with zinc anodes 
was applied avoid more exten- 
sive reconditioning program. 

The zinc rods used the earlier 
installations were one inch square 
and four feet long, weighing about 
twelve pounds each and having 
steel core. Later installa- 
tions were made with round rods 
diameter and four feet 
long, cast from electrolytic and 
weighing pounds. Figure illus- 
trates typical insallation. Eight 
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TABLE 
Continued 


POTENTIAL 
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Soil Pipe Soil 
y— Ohm/Cr -- Zinc Output 
— Indicator Over | Remote} Over | Remote Resistance 
Soil Box Papers Pipe Earth Pipe Earth Per 
Next Near Near Volts Volts Volts Volts Zinc 
60 oes 360 Alk. 0.95 0.93 1.09 1.07 0.15 8 280 35 | 0.017 0.51 
60 350 460 cid 0.97 0.93 1.09 1.06 0.139 8 228 | 28 0.58 
20 1670 0.84 0.83 1.03 1.10 0.295 16 480 | 30 0.03 0.55 
(No. 3) 
30 BH 250 190 Acid Alk. 0.85 0.82 1.06 1.08 0.285 16 470 | 29 0.02 0.55 
(No. 5, 
00 s 6590 830 Acid Alk. 0.84 0.77 1.09 1,02 0.274 16 
(No. 12) (No. 11) Alk. (No. 
590 Alk. (1936) 725 | 45 0.023 0.37 
(No. 10) 
40 70 360 0.57 0.60 0.99 1.02 0.452 8 410 51 0.03 1.03 
(No. 14) (No. (No. 
Ss 0.47 0.59 0.94 1,06 0.485 8 220 | 28 0.023 2.2 
(No. 5) 
00 400 
(No. 15) 0.54 1,02 0.52 285 | 36 1.8 
(No. 6) 
75 220 430 
70 350 0.55 0.64 1.0 1.09 0.48 8 240 | 30 0.03 1.8 
(No. 16, | (No. 18, (No. 7) 
17) 19) 
60 333 0.64 1.02 0.37 8 327 41 0.05 1.08 
(No. 21) 
55 140 Alk. Alk. 0.64 0.65 0.008 8 Loose 
(No. 20) (No.8,9) Unsoldered 
0.72 1.07 0.39 32 940 | 29 


t Includes lead to pipe (about 7 feet No. 10 Cu) Except for Rocky Ford Lateral Measurements. 


t Values are average for four tie-ins after connecting two groups which were found open. 


rods were connected together with 
No. rubber-covered copper wire 
and each group 
the pipe line with single drain 
wire. The spacings 
tween the rods and the pipe are 
shown Table 

considerable amount data 
the zinc outputs and potentials had 
been obtained during the first two 
years that the zinc anodes were 
service. The tie-in connections were 
then permanently buried and further 


tests were largely confined meas- 
urements pipe-to-soil potentials 
using the Rhodes steel electrode. 
Examples these early data are 
and Figures and 

The data Table summarize 
the results the 1943 tests seven 
locations. The soil general, the 
pipe level, brown sandy clay 
with inclusions white alkali salts, 
and low resistivity. particular 
interest this table are the measure- 
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TABLE 


Record Leaks Sections Investigated Colorado Zinc Tests 
Note:—This record includes all leaks which have occurred within 500 feet of the point investigated. 


No. of Mos. 
Size of Date of Date Zinc | Since Zinc 
No. of Leaks Pipe, (In.) Station Leak Installed | Installation 


Junta Lateral: 


Horse Pasture: 
1 1113+79 


1552+46 
1552+47 
1554+68 
1557+59 


185+21 
185+37 
185+40 
185+43 
185+96 


215+30 
215+31 
215+32 
215+40 
215+47 
215+49 
215+49 
215+50 
215+55 
215+65 
215+65 
216+01 
216+09 
216+28 
216+29 


959+96 
960+01 
960+02 
960+25 
960+37 


960+-00 to} 
970+00 12-18-35 


Note:—More zinc was added to this section in 1941. 


Colorado Springs Lateral: 

No leak records are available, but it is known that at least 25 leaks developed in a length of some 300 feet in 
1937. Five leak clamps were used in 24 feet in bottom of draw. This pipe was replaced with new pipe laid 
bare in 1937, from Station 273+60 to 276+60. No leaks have developed since then. 


Fox Farm: 
Las Animas Lateral: 
7-36 
i 
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Ata & 12 


Figure Polarization curve for section line under test. 


ments zinc output current and 
open circuit voltage. The first ten 
tie-ins which measurements were 
made showed the anodes de- 
livering values current averaging 
milliamperes per rod correspond- 
ing with current density 
milliamperes per square foot zinc 
area. The oldest these rods (test 
points and have been service 
since 1935, about eight years. 
The open-circuit voltage readings 
between the zinc and remote cop- 
per sulphate electrode average 1.06 
volts, which within about milli- 
volts the potential new zinc 
rod free from corrosion products. 
These results together with the 
measurements made shortly after 
the installation (Table IV, Figures 
and indicate remarkable sta- 
bility the zinc performance over 
the eight-year period. 


The results for test point and 
tie-ins and were adversely 
affected loose, unsoldered joints, 
three out the five tie-ins being 
completely open. location 12, two 
rods removed from tie-in which 
showed the zinc entirely consumed 
for length about inches 
the bottom half the rod, the total 
loss weight being pounds 
ounces for one rod and pounds for 
the other. The lower half these 
rods was extremely low 
ance stratum soil (140 ohm/cm) 
and reference Table shows 
high current output for the two- 
year period that test data are avail- 
able. The predominant salt the 
low-resistance stratum 
fied Bureau Standards tests 
sodium sulphate. single new rod 
this location, backfilled with clay 
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Sept 


mill 
tent 
life 

wot 
upp 
rem 
the 

tion 
for | 
mac 
the 


rod 
beir 
20: incl 


September, 1945 


mud, showed current output 291 
milliamperes and zinc-to-soil po- 
tential 1.10 volts. The theoretical 
life 12-pound rod this output 
would less than two years. The 
upper part each the two rods 
removed this location had nearly 
the original size which indica- 
tion that the circuit had been open 
for several years. 

location comparison was 
made the outputs two rods 
the same group, one installed 
1935 and the other 1941, with the 
following results: 


Rod Weight 
and Shape 


12 Ibs. Square 
18 Ibs. Round 


Year Installed 


These results indicate the resist- 
ance the older rod had increased 
substantially over the eight-year pe- 
riod. The soil was carefully exca- 
vated for the full length the 1935 
rod one side permit close 
inspection the conditions with the 


rod place. Upon first 


the rod appeared like new, having 
its original shape and being covered 
with thin gray metallic film ex- 
actly resembling clean zinc. Remov- 
ing the soft exposed alternate 
layers mushy, white and gray- 
and-pink corrosion products, extend- 
ing nearly the steel core, the zinc 
being largely consumed, The soil 
(R==380 ohm/cm) for distance 
about six inches from the rod was 
hardened and had lighter color 
than the soil farther away. This 12- 
inch cylinder soil surrounding the 
rod had numerous inclusions 
white material resembling alkali. 
Immediately next the zinc, how- 
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ever, acid reaction was obtained 
with indicator papers. was ob- 
served that considerable void space 
existed along the rod, permitting 
the rod moved about 1/16-inch 
from side side. possible that 
this could partially account for the 
higher measured resistance the 
older rod compared with the 
newer rod, rather than the effect 
the thick layer porous corrosion 
products which had been built up. 
location excavation was 
made the pipe location where 
leak had occurred two years pre- 


Current 
Output 
Ma. 


Soil Next 
Resistance to Rod 
Ohms Ohm/Cm 
8.2 385 
38.5 4.5 250 


viously; and masses black soil 
mixed with brown clay and sand 
were found. The black soil re- 
ported characteristic condi- 
tions existing near leak these 
alkali soils. acid (hydrochloric) 
test the black soil showed the 
presence sulphides hydrogen 
sulphide evolution and darkening 
lead acetate paper. This would ordi- 
narily considered positive test 
for the presence active anaerobic 
bacteria, but this case not 
known whether the sulphide re- 
sulted from bacterial activity 
from the action the leaking gas 
the soil. 


similar but extreme blackening 
the soil was observed location 
near former leak. this case 
the soil was completely black for 
about two feet from the pipe. 
excavating one the zinc anodes 
feet from the pipe the black soil 
was again encountered surrounding 
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TABLE 
Soil Samples Obtained During November, 1943, Tests Colorado Lines 


Soil Resistance pH with 
Sample (Soil Box) Indicator 
Number LOCATION Ohm/Cm Papers 

1 Rocky Ford Lateral 6th Tie-in, 18” from Zinc Rod Sample 1......... 460W Alk 
2 Rocky Ford Lateral 6th Tie-in, next to Zinc Rod................... 354” Sl Acid 
3 La Junta 8” line—Station 1551 x 46 Soil next to pipe 4’ depth....... 7) a Scaee ST 
5 La Junta 8” line—Station 1552 x 27 next to two-year old zinc rod... . 250 Sl Acid 
7 Same as (5) except next to 7 year old zinc rod Sample 2............. 384W Sl Acid 
9 Las Animas—Salt Marsh—black soil next to pipe near former leak, 
10 Same location as (9) except 8 feet from pipe, brown clay loam, and 
11 Same as (10) except 18° from sinc rod. ........cccecccccccesecccce 830W Alk 
13 Las Animas 6” Extension—Station 215 x 31, 30” from zinc rod Sample 4 (een RE Ne 
15 Las Animas 6”—Station 184 x 88, next to zinc rod sample 6 (3 years). GUO 1 bss vidas 
16 La Junta 8”—Horse pasture, Station 1113 x 74, next to zinc rod 
17 Same as (16) except 18° from dine 
18 Same as (16) except next to pipe, 3’ 
19 Sandy clay turned black from 1941 gas leak—showed sulphide test 
with H cl (HeS evolution and darkening of lead acetate paper).... 
‘ 20 Colorado Springs 8”, Station 274 x 92, next to 8 year zinc sample 8, 
21 Colorado Springs 8”—Station 274 x 24, soil @ 334’ depth.......... 


Rod Samples Obtained During November, 1943, Tests Colorado Interstate Lines 


Output at 
time 
Sample Removal 
Rod Date Milli- 
Number LOCATION Installed amperes 
2 La Junta 8”—Station 1552 x 27 Fox Farm................eeeeeeees 1935 21 
4 Las Animas 6”—Station 215 x 31............ 1937 33 
7 La Junta 8”—Station 1113 x 74 Horse pasture...... 1937 45 
8 Colorado Springs 8”—-Station 274 x 92............... 1935 0 
(Connection 
open) 
9 Colorado Springs 8”—Station 274 x 1935 
(Connection 
open) 


rod the soil surrounding the rod for 
distance inches showed about 
annular rings different shad- 
ing, resembling the rings tree 


the tie-in lead the pipe, which the 
escaping gas had Samples 
this soil wrapped wax paper 
were observed about week later 


and the outside surface had returned 
its normal brown clay color indi- 
cating oxidation the sulphides. 
This oxidation had progressed about 
inch into the body the soil. 
interesting formation was ob- 
served the soil surrounding the 
zinc anode that was dug this 
point. Looking down the zinc 


stump. The extreme outside ring 
had gray metallic appearance hav- 
ing the color zinc. 

The zinc anode removed this 
location showed total weight loss 
pounds ounces. The rod 
had been service for years and 
the time removal was deliver- 
ing milliamperes the pipe line. 
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this rate the theoretical consump- 
tion zinc calculates pounds 
ounces for 6-year period. The 
average current output over the 
6-year period not known. Chemi- 
cal analysis soil sample taken 
this location showed percent 
calcium sulphate and percent cal- 
cium carbonate. 

location another comparison 
was made between two zinc rods, 
one installed 1937, and the other 
new rod from stock. The data for 
these two rods follow: 
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excellent condition with sign 
deterioration, Rubber stripped off 
the wire had elasticity compara- 
ble with that ordinary rubber 
band. 

The pipe-to-soil potentials meas- 
ured these lines were highest 
test point the Rocky Ford Lat- 
eral. The measurements remote 
ground (about 300 feet) indicate 
that this section line effectively 
insulated from adjoining sections, 
possibly result couplings in- 
stalled during the reconditioning 


Here again the results indicate 
some increase the resistance 
earth the older rod which was 
completely encased thick coat- 
ing corrosion products, However, 
the output the particular rod se- 
lected considerably lower than 
the average (51 milliamperes) for 
the complete group eight rods, 


and smaller difference the 


sistance would doubt have been 
obtained with other rods. 

Particular notice was taken the 
condition the rubber insulation 
the wires connecting the plates. 
percent para grade, was found 


Test Point 1938 1939 

LER abouts 0 0 


Current Soil Next 
Output Rod 
Ma. Volts Ohms Ohm/Cm 
0.365 570 
65 0.475 7.3 Same 


some adjoining sections. this 
location there have been corro- 
sion leaks since the line was in- 
stalled 1929. record the leaks 
experienced the sections tested 
presented Table here 
summarized. 

two points where low poten- 
tials were measured, data were taken 
determine the break the polari- 
zation curve using the eight zinc 
anodes ground bed. The results 
these tests, presented Figure 
indicate higher current require- 
ments than the current delivered 
the zinc this point. 


1940 1941 1942 1943 


Record Leaks 500 Feet Either Side Test Point 


Total 
1 2 1 1 6 
0 2 1 2 22 
4 1 7 20 
1 0 4 4 10 
0 1 -0 0 1 


leaks 300-foot section 1937 and 300 feet replaced with new bare pipe. 
leaks since 1937. 


G 

Year Rod Installed 
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TABLE 


Colorado Interstate Gas Company 
Zinc Rod Ford Test Line 
1” Square by 4’ Zinc Rods spaced about 10’ and drained in groups of 8. 


PIPE-TO-STEEL ELECTRODE POTENTIALS—(Millivolts) 


June Mar. 
10th, 


Sep 
Mar. Feb. June Nov. Dec. Nov. Sept. Aug. 
Station 8th, 8th, 7th, 10th, 10th, 5th, 24th, 27th, 
No. 1938 1938 1937 1936 1936 1936 1935 1935 1935 1935 
300 295 173 205 156 162 154 
240 250 180 185 150 150 160 
220 225 160 235 174 148 146 
250 168 185 145 220 180 152 138 136 
215 210 158 215 184 136 132 
195 205 149 205 156 140 140 
225 210 164 185 158 152 142 
205 £05 170 190 154 144 170 
220 200 170 205 162 170 130 
225 210 170 180 144 138 136 
195 195 164 180 128 110 122 
220 167 165 115 115 200 194 124 130 
205 250 164 210 154 140 140 
200 250 164 235 184 128 138 
200 225 162 210 156 128 
205 250 168 195 110 
300 255 168 210 138 104 116 
325 245 164 195 168 118 142 
310 220 167 220 158 134 146 
250 165 290 130 175 220 154 138 152 
310 215 171 215 154 168 148 
270 220 160 185 140 120 150 
230 235 155 225 142 118 134 
235 250 156 235 182 137 142 
220 255 225 230 164 132 146 tal 
260 250 210 235 150 122 126 
250 140 245 175 102 146 fol 
215 206 200 150 195 200 110 160 
240 220 225 220 186 114 130 
210 225 220 220 100 110 
225 220 210 180 194 110 130 
255 240 225 240 180 144 120 
265 205 144 170 112 104 130 
200 215 155 165 106 104 
245 220 136 140 102 
230 205 142 170 106 Wat 
240 215 137 140 Hy; 
240 200 138 165 +16 
210 240 155 180 100 
225 135 che 
225 205 155 110 ple 
210 215 153 165 
240 195 160 140 zin 
160 170 129 155 
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Rocky Ford Test Section 


OPEN CIRCUIT VOLTAGE—Millivolts—8 RODS PARALLEL 


Jan. | June | Nov. | June 
6th, 7th, 10th, 10th, 13th, 10th, 5th, 24th, 27th, 19th, 
1938 1937 1936 1936 1936 1935 1935 1935 1935 1943 


Feb. 
8th, 
1938 


Mar. 
Sta. 8th, 
No. 1938 


G. R. Olson 
July, 1940. 


Limited chemical analyses made months. Typical methods installa- 
two the soil samples that tion are illustrated Figure 
taken during these tests are Referring Figure will 
follows: observed that the soil resistance 


Soil Sample No. 17 
Soil Sample No. 1 LaJunta Branch 

Rocky Ford Horsepasture 
Test Point 1 Percent/Test Point 9 Percent 


Hypothetical Combinations: 


planned obtain additional the zinc level fairly low, but higher 
chemical analyses the soil sam- than the average value 450 ohms 
ples that were taken, also analyses encountered the Colorado tests. 
the corrosion products several The majority the installation 


anodes. has been made vertical shafts 
Tests Zinc Protected Lines four five zinc plates. 
Houston The average current density 


milliamperes per square foot rela- 
tests zine installations tively low since the lines are metal- 
coated gas lines insulated from adjacent struc- 
dicated the table, these installa- tures which permits them build 
tions have been operation for pe- polarization potential, thereby 
riods ranging from two the net voltage Z/P and 


Table presents summary 


150°| 135 138 141 150 150 195 150 165 170 170 

160 150 130 138 190 155 230 205 225 240 206 

145 160 125 154 200 160 255 215 185 240 195 

MILLIAMPERES CURRENT DRAINED—8 RODS PARALLEL 

200 195 170 185 200 220 230 160 235 -260 230 
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TABLE IV-A 
Zinc Output and Potential Record Colorado Springs Lateral 


CURRENT MILLIAMPERES OPEN CIRCUIT VOLTAGE MILLIVOLTS 
1935 1936 1935 1936 


Sept. | Oct. | Nov. Doc. Jan. | Mar. April | May | Sept. | Oct. | Nov. | Dec. | Jan. | Mar. | April | May 


PIPE-TO-SOIL POTENTIAL MILLIVOLTS 


1936 1942 
(3) 1938 1940 1941 

Sept. | Sept. | Oct. | Nov. | Dec. | Jan. | Mar. | April | May | Oct. | June | April | April | Ne 

+162) —220| —162| —200) —160) —250; —215) —255) —175} —98} —90)...... —80}...... 
+150) —194) —190} —195; —192| —220} —210| —180} —195} —90| —330} —95) +413 
+164) —210} —210} —182)...... —210} —200) —180} —200} —32| —104) +34 
+162 162 132 185 198; —200| —200| —195| —190} —126} —70| +210) —80| +73 
+156} —200| —205} —200| —225) —205)...... —190} —195} —110} —81}| —350) —94; —36 
tor +158} —196| —220) —195| —225) —195)...... —190} —190} —88} —112} —87| +32 
+104); —192} —184| —200)...... —320)]...... —185; —175| —106} —106] — 9 
+116} —240} —168} —210)...... —195)...... —175| —185| —192} —184| +39 
+65) —240) —110} —235)...... —160} —240| —300} +38 
260 215 220 180) —185}...... —170} —180} —270|} —51| —230| —71 
—310} —280} —-360| —205) —230]...... —170} —180| —310| —76| —156| —116 
—340| —330} —325} —70) —205]...... —170| —190) —300} —76)......]......]...... 


Just before was installed. 
2 Some sections were under water, hence no readings were taken. 
3 No readings on some sections, due to frozen ground. ® 


TABLE 


Summary Zinc Installations Coated Gas Lines 
Houston Tests, March, 1944 


Current 
Zinc Output POTENTIAL—VOLTS 
Plates Soil (26) Res. to | Months in Milliamperes Current 
Per In- Res. at | Depth of | Grd. of | Operation |———— Density Z/St 
stallation | Zn Level | Boring Zinc as of Per Per Zn Surf. t t t | at Time 
No. Ohm/Cm Feet Ohms Jan. 1944 | Instin. | Plate | Ma/Sq.Ft.| P/S | Z/S | Z/P | Installed 
Max. 28 1200* 23 4 9 350 39 29 1.01 | 1.14 | 0.84 1.18 
Min. 5 | 280 6 55 2 55 6 4.4 0.74 | 1.01 | 0.14 1.04 
4.5 195 22 16 0.88 | 1.07 | 0.24 1.12 


Avg. 9.7 600* 1.1 


Effective area of zine plate = 1.35 sq. ft. per plate (making allowance for reduction due to enamel strip) 
Total No. Zine Plates = 417. 
Total Output of 417 plates = 8.4 amp. 

Notes:— 

I All zine plates are 36 inches long, 3 inches wide, '%4 inch thick, weighing 14 lbs. each. Plates are located in vertical boring 
31% inches in diameter, with from 1—5 plates in a single boring, depending on the depth. Backfill clay mud or clay mud mixed 
with gypsum plaster. 

? Refers to number of installations included in averages. 

* Excluding a few measurements on strata of high resistance quicksand at the bottom of the boring. 

Pipe-to-soil and open circuit zinc-to-soil potential measurements remote (approx. 190 ft.) copper sulphate electrode. 

t Zinc-to-pipe potential measured about 1 second after opening circuit. 
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output current. Comparing the open 
circuit zinc potential Z/S, measured 
the time installed, with those 
measured after several months op- 
eration, average reduction 
millivolts has occurred. This reduc- 
tion observed soon after the zincs 
have been operation and prob- 
ably stable value which will con- 
tinue approximately this level 
during the life the anodes. 

Table illustrates the type and 
resistivity the soil encountered 
levels two vertical borings 
where zinc anodes were installed. 
The calculated values resistance 
shown the bottom the table 

determined from Figure 

the average soil resistivity. 

Table VII shows comparison 
the current outputs zinc plates 
backfilled with clay mud only and 
plates backfilled with mixture 
clay. mud and gypsum plaster. 
all cases the output higher where 
gypsum used the backfill. The 
amount gypsum added usually 
the ratio gallons gypsum 
gallons clay mud, thoroughly 
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mixed with sufficient water 
consistency that will just pour, The 
resistivity the mixture ranges 
from 250 400 ohm/cm. 
Measurements Special Test Zinc 
Plates 

order obtain some informa- 
tion the behavior zinc anodes 
varied environments number 
special test plates have been buried 
where frequent observations cur- 
rent, potential, and resistance can 
made. Table VIII presents the re- 
sults recent set measure- 
ments this group zinc plates. 
The plates are permanently con- 
nected through common lead 
the water pipe which provides low 
resistance structure having fairly 
stable potential earth. The char- 
acter the backfills used these 
installations shown Table IX, 
along with measurements resis- 
tivity. The low resistance backfills 
given ammonium chloride, hy- 
drochloric acid and sodium hydrox- 
ide are expected exaggerate the 
losses resulting from local action 
currents. 


TABLE 
Examples Soil Resistivity Measurements Borings Two Different Locations 
Using Four Terminal Soil Tests, March, 1944 


LOCATION NO. 


TYPE SOIL 


Black clay loam 

Black clay loam 

Dark gray clay 

Dark gray clay 

Dark gray clay 

Light gray clay (some Caliche rock) 

Light gray clay (not as much 
Caliche) 

Tan and gray clay 

Same with some sand and water. . 

Same with more sand 

Quick sand 

Quick sand 


Average 2 ft. to 14 ft. level 


Meas. res. of stack of 4 zinc plates 
Calc. Meas. res. of stack of 4 zinc 


LOCATION No. 


Res. 
TYPE SOIL Ohm/Cm 
(Under pavement) 


Yellow and black clay 
Yellow and black clay 


Yellow and gray clay 


Gray clay—yellow streaks 

Gray clay—yellow streaks 

Gray and tan clay—some red (mottled) 
Gray and tan clay—some red (mottled) 
Gray and tan clay—some red (mottled) 
Gray and tan clay—some red (mottled) 
Gray and tan clay—some red (mottled) 
Same with some sand 


Meas. res. of stack of 5 zinc plates... . 
Calc.. res. of stack of 5 zinc plates... 


Res. 

640 380 
14’ 2000 380 
3300 
18 f 4 
19’ 6” 820 Breese: 


Vol.1 
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TABLE 


Comparison Current Outputs Zinc Plate* Installations Backfilled with Clay 
Only and with Clay Mixed with Gypsum Plaster—Houston Tests, March, 1944 


No. Current in 
Months Depth of No. I Percent of 
Connected Backfill Hole, Ft. | Plates ma Total 


Gypsum 


Gray & Red Clay 


Gypsum 
Red Clay 


oo; oo 


Gypsum 
Gray Clay 


oo 


oo 


* Zinc plates are 36 in. long, 3 in. wide and }4 in. thick buried vertically in holes 344 inches in diameter. 


TABLE 


Comparison Current Outputs Single Test Zinc Plates with Various Types Backfill 
Houston Tests, March, 1944 
(Measurements With Only One Plate Connected to Water Pipe.) 


Division of 
Current 
With all 
Current in Plates 
b Percent of | Connected 
No. Backfill* Resis- Value at to Water 
Plate Months Gray Clay tance time of 
No. Connected Mixed with ohms Installation 


1 Crushed Gypsum. . 
2 Black Clay Loam.. 
3 Gypsum Plaster... 
4 
5 Ammonium Chlo- 
6 Gray Clay 

7 Hydrochloric Acid. 
8 Sodium Hydroxide. 


9 11 days plaster & 


sand.., 
11 days Gyp Plaster Sand 
& MgSO« 
11 days Gyp Plaster & 


Note:—All plates are rolled zinc 36 in. long, 3 in. wide and \% in. thick. 

* All plates except No. 2 were buried jn vertical holes drilled to a depth of 4 feet. The borings, which were 
chiefly gray clay, were thoroughly mixed with the chemicals and water to a consistency that would just 
pour. For Plate No. 1 the hole was about 18 in. in diameter and filled with gray clay and crushed 
gypsum wall board. The holes for the other plates were 34% in. diameter. Plate No. 2 was placed 
in a horizontal position about 8 inches below the surface. 

** Short circuit current to water pipe in milliamperes. 

+ Zinc to soil potential measured to remote CuSOs electrode about 1 second after opening circuit. 

t Circuit resistance. Resistance of water pipe and connecting lead approximately 0.2 ohm. 

? Rapid depolarization—actual resistance substantially less than this. 


188 

Voc 

105 1.11 4.7 290 

102 1.09 4.6 280 

102 1.12 4.9 103 266 

Meas. 
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UNITED GAS CORPORATION 


OPERATING DIVISION 
ENGINEERING DEPARTMENT - HOUSTON, TEXAS 


Typical methods connecting 
anodes gas mains 
Zine installed 


Figure Typical methods connecting zinc anodes gas mains, showing method 
bonding across couplings and use insulated couplings sectionalize line. 
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Resistivity Special Test Zinc Plates Time Installation 
Houston Tests, March, 1944 


Zinc 
Plate Amount Chemical per Gallon Resistivity 
No. Backfill Gray Clay Mixed With Clay Mud* Ohm/Cm 
9 Gypsum Plaster and Sand............... 1 quart CaSOs« 1 gallon sand......... 500 
10 Gypsum Plaster Sand & MgSO4.......... | 1 quart CaSO 1 gal. sand 4% tb MgSOs 100 
1l Gypsum Plaster & ZnSO4............... 1 quart CaSO4 4% pound ZnSOs...... 300 


* Approximately two gallons of mud mixture for each zinc plate except for No. 1 and No. 2, which were 
backfilled without added water. 

Note:—The general soil resistance at the zinc plate level ranged from approximately 1000 ohm/cm. near 
the top the plate 600 ohm/cm the bottom the plate (4-ft. depth). 


Referring Figure the best 
performance from the standpoint 
stability and output far 
given plate backfilled with clay 
mud mixed with powdered gypsum. 
The next best, from the stability 
standpoint given plate back- 
filled with clay and crushed gypsum 
wall board. probable that better 
results for plate would have been 
secured gypsum crystals had been 
packed around the plate similar 
the method used Mr. Mudd (Fig- 
ure 7). The poorest performance 
given plate backfilled with 


clay-lime mixture, and plate 
backfilled with clay ammonium 
chloride mixture. both these 
plates polarization very 
nounced, the open-circuit voltage 
and current the lime plate par- 
ticular being reduced very small 
values, This probably similar 
the effects noted some observers 
which zinc plates buried soil 
high calcium carbonate content 
developed hard, impervious car- 
bonate scale which resulted the 
anodes becoming passive. 
ture powdered calcium carbonate 


TABLE 


Comparison and Resistance Measurements Special Test Zinc Plates 
Houston Tests, March, 1944 


Resistance 
Plate — hms Ratio 
No. Backfill (Gray Clay Mixed with) Voc/ISC DC/AC 
10 Gypsum Plaster, Sand & MgSO4.................44..- 4.2 4.0 1.05 


* These two plates depolarize rapidly when circuit is opened. 
Voc Measured about one second after circuit was opened. 
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TABLE 


Measurements Special Test Zinc Plates Warehouse 
(See Fig. for data on grouping and soil resistivity) 


July | Sept. | Oct. 


Crushed Gy 
Black Clay 
Gyp, Mold, Plast & Clay.. 
Lime & Clay 


Gyp, Sand & Clay 
Gyp, Sand, Clay & MgSO4| 1 
Gyp, Clay & ZnSO4 1 


Crushed Gyp & 

Black Clay 

Gyp, Mold, Plast & Clay.. 
Lime & Cl 

NH«Cl & Clay 


Onna 
CO OF 
NNNN OOH 


Gyp, Sand & Clay 
Gyp, Sand, Clay % MgSO4 
Gyp, Clay Zn804 


Oe 


Crushed & Clay 
Black Clay Loam 

Gyp, Mold, Plast & Clay.. 
Lime 


COW 


Gyp, Sand 
Gyp, Sand, Clan % MgS0O4 
Gyp, Clay 


tS 


Crushed Gy 

Black Clay Loam 

Gyp, Mold, Plast & Clay.. 
Lime & C lay 


NaOH & Clay 

Gyp, Sand & Clay. . 

Gyp, Sand, Clay & MgSO 
Gyp, Clay ZnS804 


* Derived from Voc/ISC, 
Values for Plates No. 4 
& No. 5 substantially 
higher than true re- 
sistance due to rapid 
depolarization when 
circuit is opened. 


& 8. Loose Joint in 


Water Pipe 
Month of Jan. Used 


3. Plates Disconnect- 
Res. Amm. 


ed 
Plates Have Been Dis- 
connected Since 
to Water Pipe 
March 18 
Surface Dry 


Heavy Rains on 

July 
Installed Plates No. 7 
Heavy Rains Nov. 2 & 
Several Rains During 
Wet Weather 
Wet Weather 
Wet Weather 
Wet Weather 
No Heavy Rain Sinc 


Set 
ae Nov. | Dec. | Feb. | Feb. | Feb. | Mar. | Mar. | Mar. | Mar. = 
SHORT CIRCUIT CURRENT WATERPIPE (ONLY TEST ZINC CONNECTED) MILLIAMPERES 
Gyp 
OPEN CIRCUIT VOLTS WATERPIPE 
Gray Clay............... 0.53 0.53 0.54 HCl 
NaOH & Clay........... Gyp 
RESISTANCE—OHMS* ZINC WATERPIPE 
P/S 
CURRENT OUTPUT—MILLIAMPERES—WITH GROUP CONNECTED WATER PIPE 
; cal 
tor 
of 
a 


Surface Dry 


4 
4 
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TABLE 


1943 1944 

Plate | July | July | Sept. | Oct. | Nov. | Dec. | Feb. | Feb. | Feb. | Mar. | Mar. | Mar. 


Crushed Gyp............ .| 0.310] 0.310} 0.270) 0.265) 0.272 
Black Clay Loam......... 0.220) 0.215) 0.205) 0.197) 0.208 
Gyp, Mold, Plast & Clay. . 0.295) 0.290) 0.295) 0.290) 0.295 
Lime & Cl 0.020} 0.025} 0.022) 0.025) 0.025 
NH4Cl & Clay 0.170} 0.195) 0.190) 0.175) 0.180 
Gray Clay ..| 0.260) 0.255) 0.255) 0.250) 0.253 
HCl & Clay .| 0.290} 0.280) 0.290) 0.286) 0.290 
NaOH & Clay........... 0.260} 0.280) 0.285) 0.280) 0.283 
TO Group} 0.530}...... 0.610) 0.510) 0.510)...... 0.468) 0.470) 0.475] 0.470} 0.470) 0.467| 0.470 
RESISTANCE WATER PIPE AND REST GROUP—OHMS* 
Crushed Gyp............ wad 6.9| 68] 68] 6.0] 6.6 
Black Clay Loam......... Open |...... 22.0 | 23.0 | 23.0 | 20.0 | 26. 
Gyp, Mold, Plast & Clay.. met. 5.1} 4.8| 4.6| 4.4] 4.5 
Group} 2.1 ]...... 1.6 2.1 1.64) 1.62) 1.6 1.55} 0.96] 0.93) 0.96 
P/S Water Pipe to Zn off} 0.56)...... 0.54) 0.55) 0.57) 0.56) 0.60) 0.59) 0.59) 6.59) 0.61) 0.62) 0.61 
CuSO« Elect. Volts....... 0.75) 0.68)...... 0.68} 0.75} 0.75) 0.73} 0.75) 0.70) 0.72) 0.70 
Group Z/S Volts. ........ Zn off} 1.09)...... 1.15} 1.06} 1.08} 1.08) 1.07) 1.07] 1.06} 1.07} 1.08} 1.09) 1.07 
Res. of WP (incl. Lead)... | Ohms}......]...... 0.55} 0.53)...... 0.49} 0.53} 0.55) 0.47} 0.53) 0.19} 0.20) 0.19 
sistance due to rapid 3 33 & 3 3 si 


and soil would have been and sometimes the form 
representation the field condi- white powdery inclusions. Analysis 
tions, and planned one soil sample the 9-foot level 
this the group, along with mix- showed percent calcium carbonate 
ture calcium carbonate and gyp- and 0.06 percent calcium sulphate. 
sum. appears that gypsum tends The resistances given these 
counteract the tendency for tables were derived from the ratio 
carbonate films form the the open-circuit voltage the 
surface. Hydrochloric acid tests short circuit current. Where polari- 
numerous soil samples the Hous- zation effects are pronounced, such 
ton area have shown the the case plates and the 
carbonates the soil, values obtained are 
the form caliche higher than the values 
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Figure Results polarization tests. 


measured with ac, but are satisfac- 
tory for comparative purposes and 
are conveniently obtained. Table 
shows comparison the resist- 
ances these plates measured 
the above method with values 
obtained with 60-cycle alternating 


current. 

Detailed measurements these 
special test plates are presented 
Table XI. making measurements 
intervals two three weeks 
over extended period time, 
accurate record the current out- 


TABLE 


Division Current Among the Plates Vertical Stack Zinc Plates Connected 
Unpolarized Tests 


Plate No. 


STACK NO. 


STACK NO. 
Ohms 


Voc 


Depth of 3% inch Boring 
Resistivity of Backfill 
Average Soil Resistivity 
Calc. Res. of Group* 


250 ohm/cm 
600 ohm/cm 
1.2 ohms 


110 ohm/cm 
600 ohm/cm 
1.2 ohms 


* From Fig. 11, using 34% inch for diameter and correcting for 0.1 ohm 


resistivity. 


in leads and pipe, and 600~ soil 
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Figure 10. Curves for theoretical life zinc 


put will secured. This will permit 
accurate determination the 
weight loss per ampere when the 


rods are excavated, 
The zinc plates used the Hous- 
ton installations are rolled zinc 
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plates having the following average 
analysis of. impurities 
Percent 


This corresponds with 
purity 99.91 percent zinc. The 
plates are received without pigtails, 
which are installed locally and con- 
sist No. rubber-covered wire, 
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sweat-soldered into hole drilled 
the edge the plate and two inches 
from one end. prevent segraga- 
tion the plate from exposure 
soil strata varying resistance 
other conditions tending concen- 
trate current local areas, one edge 
the plate covered with strip 
primer and coal tar pipe enamel. 

From Figure the theoretical 
life one these 14-pound plates 
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Figure 11. Resistance-to-earth curves, calculated values. 
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about twenty years current 
pected that fairly accurate esti- 
mate the life the zinc under the 
operating conditions can made 
when reliable weight loss data are 
available. 

The data presented Figure 
illustrate the small magnitude the 
currents required for portection 
well-coated line which metallically 
insulated from other structures, and 
the ease with which protective po- 
tentials are secured with small 
amounts zinc. 3800-foot section 
4-inch gas main was insulated 
each end and measurements were 
made the resistance earth 
this section, which was found 
0.75 ohms. This corresponds with 
coating resistance 3400 ohms per 
square foot. The pipe was laid 
years ago next drainage ditch 
500 ohm/cm soil which usually 
saturated with water. Two zinc 
plates, laid horizontally the bot- 
tom bell hole and connected 
the main, delivered current 
milliamperes and changed the poten- 
tial over 6-day period from 0.7 
0.93 volt CuSO, electrode. The 
zinc plates were then disconnected 
and few days were allowed the pipe 
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return its initial potential. 
Readings were then taken the 
P/S potential measured remote 
(400-foot) ground the current 
was varied from zero value well 
beyond the protective point indi- 
cated the tests with zinc. The 
polarization curve was derived 
subtracting the total drop (re- 
sistance-to-earth pipe times cur- 
rent) from the pipe-to-soil potential. 
The break the curve occurred 
milliamperes, which point the 
P/S potential was 0.82 volt. Later 
the insulated section was extended 
include miles pipe and two 
gave rise potentials above 0.9 
volt over the section. 

The writer wishes acknowledge 
thankfully the valuable assistance 
Mr. Logan the conduct 
the Colorado tests, and the codp- 
eration Mr. Abbot the 
Colorado Interstate Gas Co. and Mr. 
Olson the United Gas Pipe 
Line Co. arranging for the tests. 
The writer also indebted the 
following for their 
these studies: Messrs. Morgan, 
Mudd, Walter Rogers, and 
Brannon. 
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Corrosion Resistant Sucker Rods 


INTERESTING 

ments dealing with corrosion- 
resistant sucker rod materials have 
been conducted oil companies 
West Texas. One the materials 
consisted nickel-plated sucker 
rods. The plating was applied over 
the standard SAE 4620 composition, 
which widely used for sucker rods 
corrosive wells. 

After about six years’ exposure 
these nickel-plated rods were ex- 
amined and was found that the 
0.006-inch thickness nickel had 
not been perforated and the rods 
were apparently excellent condi- 
tion, These rods were string 
with special alloy rod more cor- 
rosion resistant than the normal 
4620, and interesting note 
that the special alloy rods this 
string failed after about three years’ 
exposure. 

The thought naturally arose that 
the nickel plating were once pene- 
trated, strong galvanic effects would 
take place. Some the nickel-plated 
rods the corrosive brine wells 
Arkansas rubbed against the tubing 
with the result that the coating was 


perforated. There was indication 
undercutting intense gal- 
vanic effects. This brought out 
Figure The absence the gal- 
vanic corrosion assumed due 
the absence oxygen. the 
absence oxygen and under the 
acid conditions existing, the normal 
corrosion rate apparently proceeded 
with some difficulty and there not 
enough depolarizing agent present 
permit accelerated attack. 

the second experiment, the 
sucker rod string and coupling were 
made from hardenable form 
nickel-copper alloy. This alloy con- 
tains approximately two-thirds 
nickel, one-third copper and addi- 
tion about five percent alumi- 
num, that there phase formed 
which precipitates upon heat treat- 
ment the alloy. Tensile strengths 
the order 125,000 140,000 
pounds per square inch are obtained, 
with elongation excess twenty 
percent. This string sucker rods, 
after about four years service 
very corrosive well West Texas, 
has shown indications de- 
terioration. 


Figure cross section Rod No. steel bottom, indicating “undercutting” 
result galvanic corrosion due “noble” plate Ni. Etchant: percent Picral; 
Mag. 
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Corrosion 18-8 Alloy Furnace Tubes High- 
Temperature Vapor Phase Cracking Service 


Camp and Cecil Phillips 


Technical and Research Division, Humble Oil & Refining Company 


and 


Lewis Gross 
Process Division, Taylor Refining Company 


URNACE tubes 18-8 type 

stainless steels have been used 
successfully for many years the 
petroleum industry high-tempera- 
ture cracking operations, although 
these tubes are exposed severely 
corrosive environments both the 
fire side and the hydrocarbon side. 
Because the excellent corrosion 


resistance the 18-8 type 


steels, many furnace tubes this 
alloy are still service after 100,000 
hours operation conventional 
cracking plants. This paper presents 
severe hydrocarbon-side corrosion 
18-8 alloy furnace tubes which 
failures were experienced after only 
120 hours operation. This corro- 
sion occurred superheater fur- 
nace which 200° 400° 


boiling range naphtha was cracked 


vapor phase for the production 
butadiene. 
Operating Data 

The true vapor phase process 
emploved reforming 200° 400° 
boiling range naphtha tem- 
perature 1310° 1325° for the 
production butadiene. This proc- 
ess was adapted for this purpose 
part the governmental program 
that was put into effect meet the 
demand for the production buta- 
diene required making synthetic 
rubber. Three plants this tvpe 
were constructed Defense Plant 
Corporation for operation under con- 
tract with Rubber Reserve Com- 


pany. One these plants operated 
Taylor Refining Company, Cor- 
pus Christi, Texas. the initial op- 
eration this plant, peculiar and 
acute type corrosion was experi- 
enced which resulted the failure 
the Type 304, 18-8 alloy tubes 
the naphtha circuit the super- 
heater furnaces after only 120 hours 
operation. Similar corrosion was 
experienced the other two plants. 
One these plants operation 
present, and the other was con- 
verted into unit for the production 
gasoline after several months 
intermittent operation during which 
attempts develop methods sup- 
pressing the corrosion were unsuc- 
cessful. believed that the type 
and degree corrosion experienced 
these plants are without parallel. 

This paper presents the results ob- 
tained this investigation which 
was conducted for the purpose 
determining the cause the corro- 
sion and developing the most 
feasible method reducing the cor- 
rosion minimum. 


Plant Operation 

flow diagram the true vapor 
the production butadiene shown 
Figure The fresh feed the 
plant operated Taylor Refining 
Company amounts approximately 
2,000 barrels per day with both su- 
perheaters operation. Most the 
fresh feed pumped directly into 
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the furnace feed accumulator. Ap- 
proximately 400 barrels per day en- 
ters the top the absorber which 
flows countercurrently the ef- 
fluent by-product gas. This naphtha 
withdrawn side stream and 
flows into the furnace feed accumu- 
lator. addition the fresh feed, 
the furnace charge contains approx- 
imately 400 barrels per day aro- 
matic distillate (from side stream 
stripper fractionator) and about 
750 barrels per day debutanizer 
bottoms. The combined feed 
charged preheater that oper- 
ated with outlet temperature 
approximately 950° The charge 
(operated parallel) tempera- 
ture approximately 1325° which 
slightly below the optimum tem- 
perature required for the reaction. 
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The vaporized naphtha mixed 
with recycle gas (depropanizer 
overhead) that has been heated 
separate sections the furnaces 
temperature approximately 
1440° The resulting mixture 
passed into reaction chamber and 
then quenched temperature 
400° 450° with bottoms from 
the fractionator. The reactor prod- 
uct stream flows into the fraction- 
ator. From this point the operation 
the equipment (fractionator, ab- 
sorber, depropanizer, and debutan- 
izer) conventional. 

The recycle gas the overhead 
from the depropanizer and amounts 
about 150,000 cubic feet per hour. 
This gas consists approximately 
mole percent propane and 
propylene and mole percent 
ethane and ethylene, the remainder 
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Figure Flow diagram butadiene plant operated Taylor Refining Company. 
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hydrogen, methane, butane, 
and butylenes. 


Furnace Operation 


The combined naphtha feed and 
the recycle gas are charged sep- 
arate circuits single preheater 
The naphtha and recycle 
gis leave the preheater tempera- 
tires approximately 950° and 
F., respectively, and flow sepa- 
ritely through each two super- 
heater furnaces operated parallel. 
superheater furnace contains 
vertical tubes, feet length 
with outside diameter 
and wall thickness 0.156 
inch. The naphtha and recycle gas 
circuits contain nine parallel passes 
cach. Each naphtha pass and each 
pass contains eight and four 
tubes, respectively. All the tubes are 
Type 304 stainless steel (18 per- 
cent chromium, percent nickel), 
except for the first two tubes each 
pass the naphtha circuit which are 
furnace fired with twelve 
burners arranged circle 
(approximately 8.75 feet diam- 
eter). The burners are set 30- 
degree angle with the horizontal 
floor and are sloped toward the 
circle give the flame 
whirling motion. The air the 
convection heaters top the 
superheaters. addition, the burner 
aspirators draw approximately 
percent cold air. 

The naphtha and recycle gas from 
the preheater enter the superheaters 
through separate distributing rings 
pressure approximately 110 
pounds per square inch. Each stream 
admitted the superheater fur- 
nace tubes through critical velocity 
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orifices (approximately 0.5 inch 
diameter). The inlet pressure for 
each superheater pass approxi- 
mately pounds per square 
inch with outlet pressure about 
pounds per square inch. The out- 
let temperature the naphtha and 
recycle gas are approximately 1325° 
and 1440° F., respectively. The 
vapor velocity through the naphtha 
tubes varies from feet per second 
the inlet 320 feet per second 
the outlet. The two streams are 
combined the outlets from the 
superheaters and are mixed the 
reactors (capacity each 3.6 
cubic feet). The product streams 
from the reactors are quenched 
temperature 400° 450° with 
bottoms from the fractionator, and 
then are allowed flow into the 
fractionator. 


Corrosion Superheater 
Furnace Tubes 


the initial stages processing 
naphtha from Refugio crude the 
plant operated Taylor Refining 
Company for the production bu- 
tadiene, the plant was rendered in- 
operable because rapid corrosion 
the 18-8 alloy tubes the naph- 
tha circuit the superheater fur- 
naces. This corrosion resulted the 
failure the tubes (particularly 
those near the outlet, the sev- 
enth and eighth passes from) 120 
400 hours operation. Examina- 
tion number tubes from the 
superheater furnaces indicated that 
the failures were due primarily 
uniform thinning the tube walls; 
however, severe pitting did occur, 
particularly the tubes near the 
inlets superheaters and 
new tubes the outlet passes when 
they were first put into operation. 
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Figure Examples uniformly thinned, pitted and new 18-8 alloy superheater furnace 
tubes. 


Figure shows examples both the 
corrosion experienced, and 
section new tube. Figure 
shows section cut longitudinally 
through one the tubes which had 
undergone severe pitting. will 
observed that one side severely 
pitted while the other only slight- 
attacked. The corrosion was lim- 
ited primarily the center sections 


Figure Internal surface 18-8 alloy 
superheater furnace tube showing severe 
pitting side facing fire. 


the tubes and was more severe 
the side (internal surface) next 
the burners. The 
(four six feet) and the return 
bends were relatively free corro- 
sion. This indicates that metal tem- 
perature important factor 
the corrosion. 

The results number metal- 
lurgical examinations sections 
tubes from Taylor’s butadiene plant 
and, for comparison, 
plant which severe corrosion 
was experienced initially, showed 
that the furnace tubes 
plants were rather severely carbur- 
carburized 18-8 alloy susceptible 
corrosion, particularly intergranu- 
lar and perhaps uniform surface at- 
tack, even under mildly corrosive 
conditions. The furnace tubes that 
were examined two 
plants were identical metal (Type 
304 stainless steel), were carburized 
about the same extent, and were 
operated under 
tions with respect temperature, 
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CORROSION 


pressure, rate firing, etc. Since 
severe corrosion was experienced 
Taylor’s plant comparison with 
that experienced originally Lion’s 
plant, was thought that the tube 
failures Taylor’s plant were due 
the presence corrosive constitu- 
ents the naphtha charged the 
plant. 


Analytical Examination 
Naphtha Samples 

Early the investigation thts 
corrosion problem extensive analy- 
tical data were obtained com- 
parable sets naphtha samples 
from Taylor’s plant and from Lion’s 
plant. The results obtained are pre- 
sented Table These data are 
not conclusive the cause the 
corrosion experienced Taylor’s 
plant. the initial stages this in- 
vestigation was believed that the 
presence organic acids water 
from the absorber Taylor’s plant 
was significant factor the corro- 
sion the furnace tubes. The ab- 
sence organic acids compara- 
ble sample from Lion’s plant sup- 
ported this conclusion. was postu- 
lated that dissolved oxygen the 
fresh feed resulted the formation 
organic acids the cracking step 
and that these acids were the cause 
the corrosion the furnace tubes. 
However, later plant run which 
the fresh feed was maintained free 
dissolved oxygen gas blanket- 
ing the naphtha immediately after 
distillation disproved this assump- 
tion, since apparent decrease 
the corrosiveness the naphtha 
was observed. Laboratory corrosion 
tests not the 
plant run gas blanketed Refugio 
naphtha but also showed that the 
presence organic acids 
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naphtha inhibited rather than ac- 
celerated the corrosion. compari- 
son the data the table indicates 
that probably the most 
difference the charge stocks the 
two plants that the fresh feed and 
combined feed Lion’s plant con- 
tain mercaptan sulfur, whereas com- 
parable streams Taylor’s plant are 
free mercaptan sulfur. Hydrogen 
sulfide evolution tests 1300° 
the combined feed Taylor’s 
plant and Lion’s plant gave 1.3 and 
pounds hydrogen sulfide per 
1,000 barrels oil, respectively. 
Similar tests the fresh feed 
these two plants gave 2.1 and 14.1 
pounds hydrogen sulfide per 1,000 
barrels oil, respectively. These 
data not show the cause the 
corrosion experienced Taylor’s 
plant, but they indicate that corro- 
sion this plant may occur because 
the absence certain sulfur com- 
pounds, such mercaptans, the 
combined feed. The basis for this 
conclusion is, will shown later 
this paper, that sulfur (as mer- 
captans, carbon disulfide, free sul- 
fur, etc.) excellent inhibitor for 
the type corrosion experienced 
Taylor’s plant well for that 
experienced other plants employ- 
ing this process. 


Laboratory Studies 


was not possible de- 
termine the cause the corrosion 
experienced Taylor’s butadiene 
plant analyzing the charge stocks 
and recycle streams, bench scale 
laboratory studies were conducted 
(under conditions approximating 
those existing the plant) for the 
purpose developing the most feas- 
ible method minimizing the cor- 
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The equipment employed the 
boratory investigation shown 
gure The various naphthas were 
quartz tube (0.875 inch 
diameter) essentially at- 
pressure and tempera- 
comparable those employed 
plant practice. naphtha charge 
200 cc. per hour was used 
these tests. The temperatures were 
with thermocouple 
against the outside the 
quartz tube the center the end 
section the furnace. Three 18-8 


test specimens (cut from 


furnace tube from 
diene plant) were placed end-to-end 
the quartz tube the center 
the outlet section the furnace. 
The location the metal test speci- 
mens shown Figure The test 
periods varied length, but most 
the runs were progress for 
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hours. The corrosion rates were cal- 
culated the conventional weight- 
loss method. 

The results obtained tests that 
were made for the purpose repro- 
ducing the corrosion experienced 
Taylor’s plant are shown Figure 
These results indicate that naph- 
tha from Refugio crude extremely 
corrosive 18-8 alloy under the 
conditions the laboratory tests; 
however, the corrosion rates ob- 
tained the laboratory are not 
high those experienced the 
plant. This difference probably 
function the velocities employed. 
The velocity the naphtha vapors 
the laboratory tests was extremely 
low, whereas high velocities (ap- 
proximately 200 feet per second) 
were employed plant operation. 
Maximum corrosion rates occurred 
1400° 1450° Less corrosion 
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Gas to Vent 
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Figure Apparatus used corrosion tests. 
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obtained with free 
sulfur. The addi- 
tion 0.05 0.5 
percent weight 
sulfur (as free sul- 
fur, butyl 
carbon disulfide) 
the naphtha es- 


Incucs 


Comnoston Rave, 


sentially eliminates 
its tendency cor- 
rode 18-8 alloy. 
indicated that lower 
sulfur 
marked reduc- 
tions the corro- 
sion, but 
formly consistent 
results were obtained 
adding 


1200 1300 1400 1500 


Tempenatune, °F. 


Corrosion rates 304-type stainless steel 


Refugio naphtha. 


was obtained higher and lower 
temperatures. not known 
whether there reduction the 
tendency for the naphtha 
rode the higher temperatures 
whether the deposition coke 
these temperatures such that the 


metals are shielded from corrosion. 


series laboratory tests was 
made determine the effect 
tendency Refugio naphtha cor- 
rode 18-8 alloy the temperature 
range 1300° 1500° The re- 
sults the tests which free sul- 
fur was added the naphtha are 
shown Figure Results obtained 
using similar concentrations sul- 
fur butyl mercaptan and carbon 
disulfide were comparable those 


cent weight and 
higher sulfur. 
also 
that the addition 
sulfur essentially 
eliminated coke dep- 
osition the 18-8 
alloy. Both these 
observations have been confirmed 
the results obtained 

The effect the addition small 
amounts distilled water the 
tendency the naphtha corrode 
18-8 alloy under cracking conditions 
shown Figure These data 
indicate that the corrosion 
eliminated adding 0.06 0.4 per- 
cent weight water the 
naphtha. Larger amounts water 
are not detrimental, but are unneces- 
sary, was observed that the addi- 
tion water also effected marked 
reduction the tendency the 
naphtha coke 18-8 alloy under the 
test conditions employed. plant 
experience available substanti- 
ate these results. 
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the 
described in- 
dicated that carbon 
dioxide, ethyl alco- 
hol, acetic acid, hy- 
sulfide, and 
sulfur dioxide are 
tors for controlling 
the type corrosion 
Tay- 
butadiene plant. 
The optimum quan- 
these mate- 
rials required 
maintain corrosion 
coke deposition 
minimum were 
not established 
cause sulfur and wa- 
ter had been found 
adequate for 
this purpose. 

Several explorato- 
corrosion tests 
were made 
tempts establish 
the cause the corrosion; however 
none these tests gave indica- 
tion the causative agent. 
was shown that the removal ac- 
tive peroxides, 
chlorides, and inorganic salts (by 
refluxing with molten metallic so- 
dium followed washing with dis- 
tilled water and filtering) effected 
reduction the tendency the 
naphtha corrode 18-8 alloy. The 
addition such compounds 
benzoyl peroxide, magnesium chlo- 
ride, acetylene, isobutylene, normal 
butadiene, furfural, aniline, 
etc., noncorrosive naphtha (nor- 
mal hexane) failed induce corro- 


IncHES PER Year 


Conmmoston Rate, 


under the cracking conditions 


employed. Various types essen- 
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1200 1300 1400 1800 1600 


Figure Effect sulfur corrosion 304-type stainless 
steel Refugio naphtha. 


tially pure hydrocarbons, such 
paraffins, aromatics, naphthenes, 
and unsaturates, were found 
noncorrosive. 

The results corrosion tests 
which oxygen was excluded from 
the naphtha from Refugio crude in- 
dicate that dissolved oxygen not 
significant factor the corrosion 
experienced Taylor’s butadiene 
plant. 


Plant Runs 


order evaluate the possible 
effect charge stock the corro- 
sion the 18-8 alloy furnace tubes, 
trial run was made Taylor’s 
butadiene plant employing highly 
paraffinic naphtha (normal hexane) 
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fresh feed. This run was prog- 
ress for approximately hours 
without any evidence corrosion 
the superheater furnace Sam- 


inches per Year 


Comrosion Rate, 


WaTer 


Figure Effect distilled water corrosion 304-type 
stainless steel Refugio naphtha 1450 degrees Fahr. 


were taken for analytical examina- 
tion during this run. The results ob- 
tained analyzing these samples 
were not materially different from 
those obtained comparable sam- 
ples when processing Refugio naph- 
tha and are not conclusive the 
cause the corrosion 
essing Refugio naphtha, the 
normal hexane. 

When the trial run normal 
hexane was terminated, run was 
blanketed Refugio naphtha which 
sufficient butyl mercaptan was 
added maintain 0.005 0.006 
percent weight sulfur (as butyl 
mercaptan) the furnace charge. 
This run was terminated after 118 
hours because the failure the 
eighth tube naphtha pass. The 
results obtained inspecting the 
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furnace tubes were not discourag- 
ing the short length the run 
indicated. The seventh and 
tubes were severely 
whereas only incipient corrosion 
occurred the 
sixth tube. pre 
vious 
were terminated 
about the same 
length time be- 
cause 
ures, was found 
that the fifth, sixth, 
seventh, and eighth 
tubes were corrod- 
about the 
same extent with 
only 0.01 0.02 
inch the 
0.156 inch wall 
thickness remaining. 
Because the 
results obtained 
the first run employing sulfur 
inhibitor and because the laboratory 
results indicated that sulfur con- 
centrations 0.5 percent 
weight was beneficial rather than 
harmful the 18-8 alloy, second 
run was made employing minimum 
0.05 percent added sulfur based 
the furnace charge. inspection 
the furnace tubes after 135 hours 
operation showed that corro- 
sion had occurred any the 
tubes. result this successful 
run, operation the unit was con- 
tinued. Carbon disulfide being in- 
jected quantity sufficient 
maintain approximately 0.3 percent 
weight sulfur (as carbon di- 
sulfide) the furnace feed. The 
unit now has been operation for 
6,000 hours without any evidence 
corrosion the naphtha tubes 
the superheater furnaces. After 2,764 
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hours operation with sulfur in- 
jection, failure occurred one 
the outlet tubes the recycle gas 
inspection, the failure 
was found due pitting 
random the gas tube. Only one 
other outlet gas tube was found 
pitted sufficiently require re- 
placement. None the other tubes 
the recycle gas circuit was at- 
tacked, For several weeks prior 
the failure the gas tube, the con- 
centration hydrogen sulfide the 
recycle gas stream was subject 
considerable variation. large quan- 
tity absorber overhead gas had 
been used for recycle gas which re- 
sulted substantially lower con- 
centration hydrogen sulfide the 
recycle gas stream. thought 
that this lower hydrogen sulfide 
content was contributing factor 
the corrosion the gas tubes. 

The addition sulfur the fur- 
nace feed has essentially eliminated 
coke deposition the furnace tubes. 
With added sulfur the charge, 
only very thin, hard scale formed 
the inside the tubes. Analysis 
this scale showed essen- 
tially carbon. Table presents 
comparison the chemical compo- 
sition scales removed from the 
superheater furnace 
and after sulfur was added the 
charge stock. 


Summaty 


The results laboratory investi- 
gations indicate that the corrosion 
experienced the 18-8 alloy tubes 
the naphtha circuit the super- 
diene plant can eliminated 
adding either 0.05 0.5 percent 
weight sulfur (as free sulfur, 
carbon disulfide, butyl mercaptan, 
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etc.) minimum 0.06 0.4 
percent weight water the 
naphtha charge. Carbon dioxide, 
ethyl alcohol, and acetic acid are 
also satisfactory inhibitors for sup- 
pressing this type corrosion, but 
their value inhibitors not 
well established that sulfur 
compounds and water. 


Satisfactory operation 
obtained Taylor’s butadiene plant 
adding sufficient carbon disulfide 
the fresh feed maintain ap- 
proximately 0.3 percent weight 
sulfur (as carbon disulfide) 
the furnace charge. measurable 
corrosion has occurred any the 
tubes the naphtha circuit the 
superheated furnaces after over 6,000 


TABLE 


Composition Scales from Superheater 
Furnace Tubes 


Scale Formed 
After Sulfur 
Was Added to 


Scale Formed 
Before Sulfur 


Con- Was Added to 


stituent | Charge Stock, % | Charge Stock. % 
Carbon 91.60 96.00 
Nickel. .... 1.63 None 
Chromium.. 1.26 Trace 
2.34 2.20 
Sulfur None None 
Silicon. .... None 


hours operation with carbon di- 
sulfide injection. addition, the 
injection carbon disulfide has es- 
sentially eliminated coking difficul- 
ties the superheater furnace tubes. 

Extensive work was carried out 
for the purpose defining the cor- 
rosion experienced Taylor’s buta- 
diene plant, but the cause the 
corrosion not apparent from any 
the results that were obtained. 
The available data indicate, 
however, that. the corrosion not 
due the presence chlorides, 
salts, sulfur, dissolved oxygen, oxy- 
gen bearing compounds, any 
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May and 1946, have been chosen the Board Directors the 
dates which and Kansas City, Missouri, the city which will held 
the next annual meeting and convention the National Association 
Corrosion Engineers, Official headquarters will the President Hotel, 
Kansas City, Missouri, with the principal sessions and exhibits corrosion- 
prevention and mitigation materials, equipment and services scheduled for 
the Municipal Auditorium. Plans are being made and program compiled 
which will cover phases corrosion problems encountered various 
industries. order cover the scope laid out for the technical program, 
planned schedule simultaneous sessions, and include meetings 
the various special committees the time the regular sessions are being 
held. 

Throughout the three days the convention, there will shown 
the main arena the Municipal Auditorium—adjacent the meeting 
rooms—exhibits featuring the newest corrosion-prevention equipment 
and materials, with technically trained men attendance explain and 
demonstrate the workings. Corrosion engineers attending the convention 
will not only have opportunity hear discussed the latest practice 
materials protection, but also will have unparalled opportunity 
witness demonstrations and observe applications the developments 
the science corrosion mitigation, prevention and control. 


Open Condenser Box 


(References for article of same title appearing on pages 70-82, June Corrosion.) 


Stadtherr 


Resident Chemist, Heath Refinery, The Pure Oil Company 
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1946 N.A.C.E. CONVENTION 


Mecting 


and 


Municipal Auditorium, Kansas City, Mo. 


Three days technical papers covering latest de- 
velopments corrosion prevention and mitigation 
metal structures principal industries. 


Three days intensive demonstration newest 
methods corrosion prevention, together with latest 
types materials, equipment and services developed 
for extending service life metal structures. 


For space the Exhibition Arena, reservations, 
further particulars, address 
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National Association Corrosion Engineers 
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Corrosion Abstracts 


GENERAL 


Corrosion Research and Abate- 
and Today. 
Metallurgical Consultant. 
Corrosion (1945) Mar. 


Discusses the history and devel- 
practiced. 


Corrosion Research Project 
Kure Beach Test Station. Harry 
Industrial 
Chem. Eng. News Ed. 23, 1160 
(1945) July 10. 


Kure Beach Test Station has been 
operation for years. This 
test program where re- 
sistance metals, alloys 
ishes sea water, salt atmosphere 
and marine organisms are tested. 
Article indicates scope, complexity 
and usefulness testing program. 


BOILER CORROSION 


External Corrosion Furnace- 


Wall History and Occur- 


rence, and II. Significance Sul- 


fate Deposits and Sulfur Trioxide 
Cross, Combustion Eng. Co., Inc. 
289 (1945) May. 


Since 1942 many large central- 
station boiler furnaces burning pul- 
verized coal and removing the ash 
molten slag have experienced external 
corrosion furnace-wall tubes. Prob- 


lem being investigated jointly 
Bureau Mines and Combustion En- 
gineering Company. 
curred range normal tempera- 
tures. Deposits are two types, one 
having the appearance 
white porcelain enamel, being largely 
soluble water which produces 
acid reaction, and consisting prin- 
cipally sodium and potassium sul- 
fates complex form. The second 
type iridescent blue black, in- 
soluble water, and may contain sig- 
nificant amounts carbon, and con- 
sists primarily iron sulfate. Study 
deposit showed consist pri- 
marily solid solution sodium 
and potassium sulfates 
metal ferric trisulfates. Laboratory 
studies indicate the mechanism cor- 
rosion involve the removal the 
normally protective oxide the fur- 
nace tubes (a) the condensation 
the relatively cool tubes 
metal oxides which are converted 
the corresponding sulfates the SO, 
the furnace, and (b) the subsequent 
reaction the iron oxide the tubes 
and the alkali-metal sulfates with the 
SO, evolved the result the slag- 
ging reaction the coal ash deposited 
mechanically the “enamel.” Alkali- 
metal ferric trisulfates result. Deslag- 
ging causes thermal decomposition 
these compounds and the cycle re- 
peated. The above mechanism suggests 
that ventilation tubes with air 
reduce SO, concentration and de- 


crease deposition alkalies rem- 
edy. Field observations bear out this 
prediction. 
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CATHODIC PROTECTION 

Methods Determining Effec- 
tiveness (of Cathodic Protection). 
Mears and Brown. Gas. 
20, No. 12, 35, 39-40, (1944). 
39, 684 (1945) Feb. 20. 

The following methods are dis- 
cussed: visual inspection; 
gravimetric tests col- 
orimetric tests for ions the pro- 
tected metal; electrochemical 
methods. 


Cathodic Protection Interference. 
Gas. 21, No. 39-40, 
(1945). 

When two structures are located 
within reasonable distance each 
other and cathodic protection 
installed one structure, ca- 
thodic interference will undoubted- 
exist some extent the other 
structure. properly handled this 
interference current will way 
endanger the foreign structure. Also 
this interference can used pro- 
vide some protection for the other 
structure. Desirable results can 
secured only the cooperation 
those responsible for all the in- 
volved structures. Methods for eval- 
uating current flow and for cor- 
rection the effect are discussed. 
89, 895 (1945) Mar. 


Cathodic Protection Overcomes 
Operating Difficulties Mechanical 
Supt. Joint Meeting Sewage Treat- 
ment Plant, Rutherford, 
ter Works and Sewerage 92, 109 
(1945). Apr. 
Difficulty experienced 
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vanic action due use copper 
screens and steel gratings resulting 
screen plugging. Cathodic pro- 
tection installed employing selenium 
rectifier and 
Screens and gratings were made 
cathodic. Employs 3.9 amps. 
volts protect the screens and 
gratings for 2800 sq. ft. nominal 
filter area. After months there was 
thick soft brownish deposit noted 
the unpainted steel gratings. An- 
alysis showed carbonate cop- 
per scale. Deposit was easily 
washed off. Copper screens were 
tarnished but clean. end one 
year, scale had built 
screens and steel appeared 
excellent condition. Cost nominal, 
$15 per year (neglecting original 
cost) contrast cleaning costs 
previously $1600. 


Cathodic Protection Steel Sur- 
faces Contact with Water, pt. 
Sewerage, 92, 51-57, (1945) Feb. 

Discusses practical application 
the process. Deals with sources 
protective current; rectifiers; gen- 
erators; evaluating protection; de- 
termining the effectiveness ca- 
thodic protection wa- 
ter tanks; effect ice and tempera- 
ture; and economic considerations. 


Analysis Data Cathodic Pro- 
tection Open Condenser Box. 
Pure Oil Co. Corro- 
sion (1945) June. 

Cathodic protection has been ap- 
plied open box condensers with 
considerable success. Complete 


a> 


CORROSION ABSTRACTS 


tribution cathodic protection 
each square foot box and coil was 
not obtained. Favorable results were 
evidenced condenser tube fail- 
ure four years, very little corrosion 
walls box, and easily removed 
scale formations. 

Corrosion Steel and Its Mitiga- 
tion. Pacific Gas 
and Electric Co., Am. Water Works 
Assoc. 37, 245 (1945) Mar. 

Concerns the corrosion steel 
pipes under water soil. Survey 
methods and their interpretations are 
given. Advantages electric ca- 
thodic protection discussed. The 
utility horizontal vertical 
ground beds discussed. The various 
types current sources available and 
general precautions applying ca- 
thodic protection are given. 

Progress Report the Behavior 
Standards. Corrosion (1945) 
June. 

order study the effectiveness 
zinc for the cathodic protection 
iron and steel under various soil con- 
ditions, zinc-iron couples were buried 
eight test sites 1941. The elec- 
trical measurement data presented in- 
cludes (1) the current flowing the 
galvanic circuit; (2) the potential 
each electrode copper-copper-sul- 
fate electrode after opening all cir- 
cuits for hour; (3) the voltage 
the couple; (4) the current required 
for cathodic protection the iron 
rings. The couples from two sites 
have been removed and examined. 
One these shows moderate protec- 
tion and the other almost complete 
protection. possible explanation for 
the different results the two sta- 
tions offered. 


> 


Developing Magnesium for Ca- 
cal Co, Corrosion (1945) June. 


Magnesium theoretically has many 
advantages galvanic anode. The 
efficiency and life magnesium an- 
odes depend composition, backfill 
and current density. Field 
tions are reported along with studies 
local action corrosion anode 
which indicate that with proper back- 
fill magnesium anodes offer eco- 
nomical source current for cathodic 
protection. 


Use Forced Drainage Systems 
Stray Current Areas. Eric 
Bell Telephone Co. Corro- 
sion (1945) Mar. 


Design and control forced drain- 
age systems, having characteristics 
similar normal drainage systems 
are discussed. This system control 
forced drainage gives the elec- 
trolysis engineer satisfactory method 
for reducing anodic exposures areas 
which are difficult correct means 
normal drainage. 


Corrosion Protection for Trans- 
continental Cable West Salt 
Lake City, Utah. 
American Telephone Telegraph Co. 
Corrosion, (1945) June. 


Following study soil conditions 
and consideration both rectifiers 
and zinc anodes sources current, 
zinc anodes were chosen for protec- 
tion this thermoplastic coated cable. 
The choice zinc anodes for this 
service was made the basis (1) 
economy material, (2) ease in- 
stallation, and (3), low maintenance. 
The expected limitations zinc an- 
odes are (1) requires low resistance 
ground, (2) may become passive, and 
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(3) comparatively well insulated 
covering required. 

Recent Progress the Mitigation 
Underground Corrosion. Kirk 
Locan, Bureau Standards, Oil 
and Gas Jl. 48, No. 36, 78-84 (1945) 
Jan. 13. 

Paper describes briefly the prog- 
ress the mitigation corrosion 
during past two years. Methods and 
apparatus for scientifically deter- 
mining the amount current re- 
quired for cathodic protection have 
been developed. Field investigation 
shows that zinc anodes remain ef- 
fective throughout their life, Tests 
coatings one-year-old pipe 
lines indicate that possible 
lay coated lines with less than one 
holiday per mile. new and more 
effective holiday detector has been 
developed. 


GALVANIC CORROSION 


Galvanic Corrosiveness Soil 
Waters. H.S. and 
Technical Paper No. 45-60 
presented Jan., 1945, Meetings 
Institute. Elec. Eng. 64, 156 (1945) 
Apr. 

Data are presented the elec- 
characteristics copper, lead, iron 
and carbon soil waters which 
vary from 12. The fol- 
lowing tentative conclusions are 

Galvanic corrosiveness lead, 
copper and iron appears generally 
more severe for soil waters low 
than for those high pH. 

Indications are that the static 
potentials lead and iron are prac- 


tically constant soil electrolytes 
increased above 10, lead be- 
comes more negative and iron more 
positive. The potential copper be- 
comes more negative substantial- 
straight-line relation with in- 
creasing pH. Carbon potentials ap- 
pear practically independent 
pH. 

For electrodes lead, copper, 
iron and carbon soil waters, the 
relation degree polarization 
electrolyte seems show 
definite trends. 


Cathodic Corrosion Cable 
Sheaths. Trans. 
Electrochem. Soc. 87, pp. pre- 
print 

Serious cathodic corrosion ca- 
ble sheaths has occurred with in- 
ground power cable system. Most 
troubles occurred where the con- 
duits containing the cables are close 
switches. Rock salt used the 
switches during the winter months 
prevent freezing. Cable-sheath 
corrosion near the switches caused 
NaOH produced decomposi- 
tion the NaCl electrolysis with 
the sheaths negative earth, espe- 
cially with relatively high negative 
voltages. Various methods have 
been used retard the growing 
tendency for troubles due cathod- 
corrosion. Also, special tests 
potentials and leakage currents from 
slug pulled through idle duct 
were developed and used, general 
with success, detect underground 
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locations having corrosive condi- 
order that steps could 
taken avoid service failures 
cable. Further steps reduce these 
troubles are: reduction voltage 
drops railway systems and 
development economical sub- 
stitute for NaCl for use track 
switches, 39, 895 (1945) Mar. 
10. 


Study A-C Sheath Currents 
and Their Effect Lead-Cable 
Sheath Corrosion. SHERER 
nical Paper No. 45-61, presented 
the Jan. meeting the Institute. 

Field observations were made 
two cases lead cable sheath cor- 
rosion which indicated partial rec- 
tification the alternating current 
flowing from the cable sheath 
ground. The rectification phenome- 
non was studied laboratory ex- 
periments with lead-copper cells. 
Tabulations data are presented, 


together with curves illustrating the 


rectification phenomenon new 
and aged cells. The experiments 
and observations indicate that ini- 
tially the corrosive action was ac- 
celerated the alternating cur- 
rents which were induced the ca- 
ble sheath the load current. 


Corrosion Ratings Metals. 
Westinghouse Electric Mfg. Co. 
Steel, 116, No. 98-104 (1945), Jan. 

Recommended corrosion ratings 
for various commercial metals and 
alloys are tabulated for rural, urban 
and marine atmospheres and for five 
industrial atmospheres, including 


ammonia, hydrogen sulphite, hydro- 
gen chloride, sulphur dioxide and 
chlorine. Provisional sea water rat- 
ings are given for aluminum and 
magnesium alloys, copper and cop- 
per alloys and alloys iron, nickel 
and chromium. brief discussion 
galvanic corrosion included with 
special arrangement the elec- 
trochemical series. The tabulations 
are presented guides the selec- 
tion metals for use under various 
corrosive conditions. Similar infor- 
mation published the Westing- 
house Electric and Mfg. Co. under 
“Corrosion Ratings Metals and 
Alloys” the Westinghouse Engi- 
neer—5, No. 36-59 (1945). Mar. 


CORROSION 

Control Refinery Corrosion De- 
pendent Upon Eternally Vigilant 
Program. Oil Gas 48; No. 47, 246 
(1945) Mar. 31. 

Refinery corrosion problems are 
summarized follows: corro- 
sion topping units due acids 
released from crudes 
acid attack the distillation 
acid-treated distillate acid 
attack from breakdown organic 
sulfur compounds and alkaline earth 
salts the charge thermal-crack- 
ing units; H,S attack gas- 
treating and stabilization units; 
direct chemical attack 
stances used treating and pro- 
cessing units; pitting lines and 
equipment from salts and oxygen 
contained water cooling water 
systems; atmospheric fume and 
spray corrosion. Methods com- 
batting corrosion and the manner 
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application each method are dis- 
cussed this paper. Selection 
proper metal resistant the par- 
ticular corrosion encountered, 
Cr. alloys for tubes crack- 
ing furnaces running sour crudes, 
tubes for water cor- 
rosion, 4-6% for H,S corrosion 
oil side (no effect water side). 
Protective coatings and liners, 
(a) 12-14% Cr. steel liners for frac- 
tionating towers, (b) galvanized 
plate for roofs handling sour distil- 
late, (c) brass-clad tube sheets su- 
perior brass, (d) Hastelloy weld 
lined plug valves for service, 
(e) thermo-setting (phenolic resins) 
coatings steel and admiralty tube 
bundles, (f) synthetic rubber coat- 
ings steel tube sheets and pipe 
linings, (g) Neoprene cement used 
West Texas sour crude tank, 
(h) gunnite liners for periods 
short service. (3) Chemical neutral- 
ization and inhibitors hydrocar- 
bon phase-ammonia, caustic and 
quachrom glucosate used. (4) Chem- 
ical neutralization 
film formation cooling water sys- 
tems. (a) sodium hexametaphos- 
phate,, NaOH, Na,, Cr,O, and glu- 
cosates. (b) desalting. (5) Electrical 
methods. Cathodic protection. (6) 
Mechanical, (a) flushing media, (b) 
mechanical and coalescent type wa- 
ter separators and (c) mechanical 
deaeration. 


The Fractionation Hydrofluoric 
Acid and Its Significance 
Alkylation. Ranpat Maass, Ref. 
Engr., General Petroleum Corp. 


California. Petr. Eng. 16, 194 (1945) 
Feb. 

Corrosion acid preheater has 
been serious problem, general, 
the petroleum industry 
ated this trouble somewhat sup- 
plying heat through forced circu- 
lation type reboiler which the 
tower bottoms are pumped through 
exchanger and returned the 
tower. Acid regenerator tower also 
suffers severe corrosion. New monel- 
lined tower, equipped with monel 
trays and caps has been installed. 
addition, the bottom cycle pumps 
were provided with monel runners 
and the valves (globe) the hot oil 
system were provided with monel 
trim. Monel tower has not been in- 
spected but monel trim and pump 
runners has given excellent service. 
Corrosion condensing system 
debutanizer which followed immedi- 
ately after the bauxite towers 
quite severe times result 
hydrolysis SiF, producing HF. 
This corrosion was reduced add- 
ing quick lime the bauxite tower 
packing, neutralization over- 
head products with caustic and 
running acid higher purity that 
less alkyl-fluorides were formed and 
thus less acid. 


Mechanical Operation 
Phillips Petroleum Co., Bartlesville, 
Okla. Natl. Petr. News. 37, R-326 
(1945) May 

The hydrofluoric acid alkylation 
plants constructed the wartime avia- 
tion gasoline program were designed 
with extreme attention the me- 
chanical problems involved handling 
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handle acid was carefully segregated 
concrete basins, all which drained 
neutralizing pit containing lime 
water. The following special factors 
design are extreme importance: 
(1) steel equipment used, clear- 
ances must greater than normal 
because sticky nature iron fluo- 
ride and its tendency form—(monel 
does not show this tendency). (2) 
Use bolts contact with 
more satisfactory than steel. 
(3) Development specially de- 
signed packing glands. Properly de- 
signed and operated Duraseals 
Stratco contactors have been very sat- 
isfactory. Plug valves have not proven 
too satisfactory. Plug valves have 
little clearance that steel sticks very 
badly. Combination Stellited plugs 
and monel-coated bodies has far 
given fairly satisfactory service. Plug 
valve failures involves cracking 
plug, breaking cover plate stud 
bolts, equalizer ring failure and inner 
diaphragm failure. Monel trim gate 
and globe valves have proven quite 
satisfactory. Corrosion general has 
not been severe alkylation 
units, except where dilute en- 
countered reboiler section the 
acid rerun column. Monel linings have 
not been too satisfactory because 
difficulty installing without minute 
cracks which encourage accelerated 
corrosion. Monel clad steel con- 
sidered more satisfactory. 
rosion problems have developed 
floating head type condensers, steam 
preheater tubes, and steam preheater 
tube sheets. Floating heads are 
avoided preference V-tube con- 
struction. Changing acid flow pre- 


heaters from shell side 


~ 


flow through tubes preheaters has 
been beneficial. Little difficulty has 
been experienced with operation in- 
struments service. Assuming 
satisfactory design and care opera- 
tion, alkylation unit one 
the safest and most troubleless re- 
finery units. 


Stainless Steels Minimize Corro- 
sion Processing Sour Crude Oils. 
Oil and Gas 44, No. 
104 (1945) June 16. 

Recent inspection topping- 
vacuum-cracking plant described. 
Carbon steel piping and 4-6 Cr. valves 
handling hot light and heavy gas oil 
showed rapid failure with the heavy 
gas oil service being more severe. 
general corrosion processing equip- 
ment was evident from atmospheric 
fractionator through cracking sec- 
tions with maximum loss occurring 
heavy gas oil section cracker. Dur- 
ing shutdown bottom section at- 
mospheric bubble tower 
with gannister, carbon steel hot gas oil 
line was replaced with 4-6 Cr. and 
stainless steel bubble decks were in- 
stalled pressure distillate tower. 


Procedure for Application 
Stainless-Steel Strip Lines Re- 
finery Vessels the Field. 
Lucer, Luger Co., Houston, 
Texas. Petr. Ref. 24, 173 (1945) May. 

Procedure for lining vessels 
presented detail. 


The Role the Straight Chrom- 
ium Stainless Steels for Vessel 
Linings the Refinery Field. 
Smith Corp. Corrosion 
(1945) June. 

The role straight chromium steels 
they have been employed refinery 
vessel linings discussed. The 12% 
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chromium steels have found wide 
usage. The higher chromium steels 
are subject embrittlement after ex- 
posure 750°-950° Addition 
0.25% aluminum these steels has 
resulted restriction air-hardening 
characteristics. 


INSPECTION 


Penetron Quickly Determines 
Steel Thickness— Also, Without 
Connection Liquids, Finds Levels 
and Densities. Oil and Gas 44, 
No. 106 (1945) June 30. 

Penetron instrument for de- 
termining wall thickness without me- 
chanical measuring, calipering, drill- 
ing, feeling operations. utilizes 
the principle bombarding matter 
with penetrating radiations from 
radium and measuring the intensity 
“back scattered” returned rays. The 
and translated into direct current 
reading indicating micro-am- 
meter. Readings obtained the 
micro-ammeter are directly indicative 
wall thickness and are connected 
wall thickness means calibration 
charts. Accuracy order 3%. 
The penetron measures the average 
thickness over area approxi- 
mately sq. in. Therefore, cannot 
used for detecting pin holes. 

proper instrumentation the 
method may adopted control 
well locate liquid levels. Simi- 
larly density measurements 
made and operational applications de- 
veloped control blending operations. 


Caliper for Inspecting Tubing 
Has Four Distinct Advantages. Oil 
Gas 44, No. (1945) 
June 23. 

The alternating current caliper pic- 
tured appears practical because 


(1) the measuring head light and 
sturdy, (2) indications are rapid, (3) 
provides continuous indication 
the inside diameter, and (4) there 
switch other device which might 
cause hazardous electric spark. 


PROTECTIVE TREATMENT 
METALS 


Shot Peening and the Fatigue 
American Foundry Equipment Co., 
Mishawaka, Ind., (1944). 
Shot peening term used de- 
note the process subjecting the 
surface metal machine part 
structural member rain me- 
tallic shot driven against the sur- 
face the momentum the shot 
released from the rotating 
Repeated stress such improper 
shot peening may bring about the 
following undesirable conditions: 
excessive elastic deformation; 
elastic buckling; plastic deforma- 
tion; creep; fracture. Shot peen- 
ing increases the fatigue strength 
the metal two ways: tensile 
strength the skin increased; 
and the effective tensile stress set 
given load applied stress 
diminished the compressive stress 
set the skin shot peening. 
form cold working. Shot 
peening can applied irregular 
shapes, which heat-treating proc- 
esses might cause excessive distor- 
tion, and which rolling draw- 
ing processes are not feasible. Shot 
peening can applied finished 
parts, such springs and gear 
teeth. can used surface 


fir 


in 
tic 


te: 
A. 
loy 
po: 
3 


VW CP we 


ew 


CORROSION ABSTRACTS 


finish place polishing, with 
actual gain fatigue strength and 
reduction production costs. 


Machinery, 51, 170 (1945) Apr. 
indicates widening field for applica- 
tion shot peening and describes 
special machine for carrying out 
process large scale. 


SURFACE TREATMENT 


The Protection Split-ring Con- 
nectors Against Corrosion. 
Council Sci. Ind. Re- 
search, 17, 162-6 (1944). 


The relative protective values 
ments for split-ring connectors were 
tested over period years. The 
most effective treatment 
dip zine coating (galvanizing). 
89, 266 (1945) Jan. 20. 


Shot for Metal Peening. Oscar 
and Gow. Battelle 
Memorial Inst. Steel 116, No. 14, 111 
(1945) Apr. 


Growing interest improving the 
fatigue endurance metals and al- 
loys shot peening has served 
focus attention the shot used. Com- 
position properties and micro-struc- 
tures chilled Fe, 
chilled and special heat-treated 
shots are given. The last has high 
hardness and improved resistance 
fracturing. Steel shot costly and 
generally not available. 


Nitriding the Austenitic Steels 
Improves Wear Resistance. 
BINDER. 
(1944). 

case depth 0.004-0.006 in. 


Am, Machinist, 88, 102-4 


obtained when 13-15, 13-15, 
austenitic steel nitrid- 
for hrs. 1000° Successful 
production depends upon careful 
that the final grinding operation will 
not remove the case. Details the 
process applied aircraft en- 
gine valves are given. 39, 683 
(1945) Feb. 20, 


Protective Treatments for Magne- 
and Fusco. Materials and 
Method Manual No. Metals and 
Alloys, 21, No. 417-434 (1945) 
Feb. 

The Manual presents compre- 
hensive review virtually all 
the protective surface treatments de- 
veloped date for magnesium al- 
loys. Data are presented the 
methods and materials used each 
process. Detailed information 
given the techniques for the ap- 
plication the more common chem- 
ical surface treatments and the 
plating and painting these alloys. 
The general subject metal corro- 
sion and its control are discussed 
the opening section the Manual. 


Electropolishing Steel for Mi- 
croscopic Examination. 
Prance, Chief Metallurgist Inland 
Mfg. Div., Gen. Motors Corp., Day- 
ton, Ohio. 

Provides excellent means pol- 
ishing without undue time and ef- 
fort. 

Samples are prepared facing 
80-100 girt grinding wheels and 
followed short-time preparation 


| 
4 
. 
- 
q 
4 
i 


ASSOCIATION CORROSION ENGINEERS 


No, metallographic paper. Sam- 
ple then treated electrolytic 
polishing bath for min. de- 
pending size. 

Bath, solutions, and 


proper precautions, are described. 


Rust Prevention. PRESSELL, 
Houghton and Co. Industry 
and Power, 48, No. 70-72, 165-7, 
(1945) Mar. 

When the nation’s major war pro- 
duction effort over and industries 
begin convert from war peace, 
gigantic task rust prevention 
will arise. The government has tak- 
steps standardize protec- 
tion idle machines for shipment, 
stand-by, and 
Causes corrosion with emphasis 
surface conditions which cause 
corrosion prevent the preventive 
measures from being effective are 
discussed. Cleaning mechanical 
and chemical methods discussed. 
Special corrosion preventive com- 
pounds are divided into four gen- 
eral groups for discussion: grease 
type, oil type, solvent type, and 
“strippable” plastic type. 


Practical Information About 
Cleaning and Cleaners. 
International Engineering 
Corp., Atlanta, Ga. Southern Pow- 
and Industry, 68, No. 112 
(1945) Apr. 

Metallurgically, clean means the 
absence any materials the sur- 
face which will stimulate corrosion 
and interfere with application. Non- 
drying oils and greases may re- 
moved saponification, emulsifi- 


cation and/or solvents (liquid 
vapor). Cleaning operations may 
carried out soaking spraying. 
Soaking methods can accelerated 
electrolyzing solution. All clean- 
ing operations are aided agitation 
and usually heat. 


PIPELINE CORROSION 


Ruptured Pipe Lines—Preventive 
Maintenance and Corrective Proce- 
dures. Neptune, Phillips Petro- 
leum Pipe Line. Oil and Gas 44, 
No. 120 (1945) June 30. Also Na- 
tional Petr. News, No. 27, 
(1945) July 


Phillips coats all cross-country 
trunk products lines, using either as- 
phalt-mastic coal-tar enamel with 
bonded wrap. Treatment gathering 
lines depends soil conditions. Me- 
thodical inspection and repair prac- 
tices are developed and detailed rec- 
ords are maintained. Internal corro- 
sion fought excluding much 
air and water from line 
adding reducing passivating chemi- 
cals such sodium sulfite, sodium 
chromate, sodium nitrite and mercap- 
tobenzothiazole. Phillips developed 
and using mercaptobenzothiazole 
(Rokon). The company has been able 
discontinue scrapers Rokon 
treated lines. Future development in- 
dicates the introduction. plastic 
coated pipe for protection against both 
internal and external corrosion. 


Economics Mitigation Ex- 
ternal Corrosion Underground 
Pipe Lines. STIRLING, 
Stanolind Pipe Co. Corrosion 
(1945) Mar. 

There are the approximate- 
333,000 miles pipeline carrying 
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“Electrolytic Corrosion” the enemy, working 
slowly ... quietly continuously and 
unobserved. 


Unchecked, this enemy can markedly 
shorten the life sub-surface cables, pipe 
lines and other buried metallic structures. 


Fight electrolytic corrosion with Federal 
Cathodic Protection 


Write for “Cathodic Protection and Appli- 
cations Selenium learn how 
FTR units protect underground equipment 
attention required. 


Newark 
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petroleum products and which cost 
about $3,200,000,000. The annual loss 
$50,000,000. Case histories are pre- 
sented show the benefits properly 
applied coatings and cathodic protec- 
tion. 


Electrolytic Corrosion Methods 
Evaluating Insulating Materials 
Used Tropical Service. 
eral Electric Company, Electrical En- 
gineering 64, Trans. 295 (1945) June. 


The selection insulating mate- 
rials guard against electrolytic 
corrosion has become increasingly 
important the use electrical 
devices the tropics has increased. 
Moisture conditions the tropics 
are described, and means for pro- 
ducing such conditions the labo- 
ratory are considered. The visual, 
corrosion-current, and water extract 
conductivity methods for studying 
electrolytic corrosion are described. 
Typical results for number dif- 
ferent materials are given. 


Used Cement-Lined Pipe. 
Netson. Oil Gas 44, No. 10, 116 
(1945) July 14. 

The modern pipe developed for use 
the oil industry has such high 
strength and such thorough bonding 
the cement pipe that special 
precautions are required handling 
it. Pipe fittings are also available. 

Dimensions and weights and costs 
cement-lined pipe are given. 


CHEMICAL CORROSION 

Corrosion Phenol High 
Shell Development Co., 
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Electrochem. Soc. Trans. (pre- 
print 11) :115 (1945) April. 

Corrosion carbon steel increased 
very rapidly above 200° Addition 
0.2% 0.6% water anhydrous 
phenol decreased corrosion rate while 
further addition water greatly in- 
creased it. Addition sulfur com- 
pounds caused increase corro- 
sion rate. Comparative tests steel, 
Cr. steel, 18/8 stainless steel, 18/8 
Mo. stainless steel; Durimet stainless 
steel, 24/20 stainless steel, nickel and 
aluminum 2-S showed Cr. steel 
somewhat superior low carbon 
steel. All stainless steels showed very 
low rates. Nickel was attacked used 
plant phenol and aluminum was se- 
verely attacked. 


Ceramic Linings for Acid Tanks. 
Products Corpo- 
ration. Petr. Refr. 24, 194 (1945) 
May. 

Type construction outlined 
suited all acids, with variations 
material. Suggested materials for han- 
dling surfuric, hydrochloric and nitric 
acids include: 


Membrane: asphaltic 
compounds properly selected syn- 
thetic rubber for all four acids; rub- 
ber for all except nitric lead for 
sulfuric. 


Brick: Carbon brick for all acids; 
silica brick for sulfuric, hydrochloric 
and nitric acids. 


Cement: Sulfur-base cements for all 
four acids 200° resinous ce- 
ments for sulfuric, hydrochloric and 
nitric acids 275° silica ce- 
ments for sulfuric, hydrochloric and 
nitric acids not less than 
strength and several hundred 
degrees temp. 
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This new J-M machine 


This machine was 


especially developed 


Crutcher-Rolfs-Cummings Houston. 


Here’s the way get protection 


for your pipelines double-quick time! 


ingenious J-M machine al- 

ternately applies layers 

Johns-Manville Asbestos Felts and 
two coats enamel give protec- 
tion against severe corrosive con- 
ditions. 

Pioneers the manufacture and 
application asbestos wrappings 
has gone step 
further with this new machine. 


The J-M Coating and Wrapping 
Machine can save time and money 
for you, just J-M Asbestos Pipe- 
line Felts safeguard the enamel 
your lines against soil stress and 
distortion. For further informa- 
tion, write Johns- 
Manville, East 40th 
Street, New 16, 


JOHNS-MANVILLE 


PrRooucTs 


Johns-Manville Pipeline Felts 
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CORROSION TESTING 


Apparatus for Measuring Cor- 
rosion. Morris CoHEN, National Re- 
search Council, Canada. Electrochem, 
Soc. Trans. (Preprint 19) 87, 221 
(1945) April. 

multiple unit total immersion test 
apparatus presented which provides 
circulation solution without ex- 
posure sample air. Good repro- 
ducibility shown results the 
effect three different waters the 
corrosion steel. 


Laboratory Corrosion Tests. 
Burns, Bell Telephone Co. Ind. 
Eng. Chem. Anal. Ed. 17, 299 (1945) 
May. 

preferable carry out corro- 
sion studies under nearly natural con- 
ditions and use sensitive measuring 
techniques determine rate reac- 
tion rather than depend upon high- 
accelerated tests furnish the 
larger effects which can detected 
less precise methods measurement. 
Methods measurement, preparation 
test specimens, and description 
tests and testing facilities are dis- 
cussed. The tests discussed are total 
immersion test, atmospheric test, salt 
spray test, and electrochemical tech- 
niques. 


Laboratory Tests Predict the 
Performance Metals Under Serv- 
ice Conditions. Sawyer and 
Mears. Aluminum Research 
Lab. Ind. Eng. Chem. Anal. Ed. 17, 
(1945) Jan. 

Data presented emphasize the 
fact that predict the performance 
metals under service conditions, 
laboratory test must give results that 
correlate directly with service results. 
The most certain method designing 
suitable laboratory test simulate 
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the conditions service closely 
possible. Attempts accelerate the 
laboratory test intensifying one 
the factors encountered service 
often misleading. Examples are cited 
show the value electrical meas- 
urements for predicting the feasibility 
using cathodic protection for alumi- 
num chemical equipment. 


WATER CORROSION 


Scale-Forming and Corrosive 
Tendencies Water Predicted 
Wright Petroleum Laboratories, Tulsa. 
Oil and Gas 44, No. (1945) 
June 23. 


history the development the 
terms saturation and stability indexes 


presented with full explanation 


Langelier’s equation for calculating 
saturation index and Hirsch’s scale 
diagram for determining stability in- 
dex water. The corrosiveness 
scale-forming tendencies water can 
predicted from these calculations. 
Limitations are that the equilibrium 
values Mg(OH), lime-soda ash 
softened water not considered. Also 
the equations not take the dissolved 
oxygen content 
when predicting the corrosiveness 
water. 


Stability Index Judges Cooling 
Water. Wricut, Wright Pe- 
troleum Laboratories, Tulsa. Oil and 
Gas 44, No. 10, 112 (1945) July 14. 


Application 
culations allows accurate predictions 
what may expected, provided 
proper analysis available and serv- 
ice temperatures are known. Specific 
examples are given where stability in- 
dex predicts the performance cool- 
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OPEN STEEL FLOORING 


Corrosion engineers, industrial engineers, 
builders and architects are solving main- 
tenance and replacement problems 
specifying: molten zinc the Hot- 
Dip Galvanizing time-tested 
process which provides the utmost rust 
and corrosion prevention. 


The members the American Hot-Dip 
Galvanizers Association have established 
and are pledged follow the highest 
standards the Hot-Dip Galvanizing 
process. 


There member this Association 
located near you who ready discuss 
any galvanizing problem with you. For his 


address for any information write: 
American Hot-Dip Galvanizers Association, 
Inc., First National Bank Building, Pitts- 
burgh (22), Penna. 


ONAL ASSOCIATI 


CORROSION —NATIONAL ASSOCIATION CORROSION ENGINEERS 


ing waters and points remedial 
treatment for scale and corrosion. Sta- 
bility index values with tem- 
peratures that scale forming tend- 
ency increases. Quality water can 
raised choice and oper- 
ating temperature. 


MARINE CORROSION 


Relationships Between Corrosion 
and Fouling Copper-Nickel 
loys Sea Water. In- 
ternational. Nickel Co. and 
Clapp Laboratories, 
chem Soc. Trans. (Preprint 15) 87, 
165 (1945) Apr. 

This article report one series 
investigations (among large num- 
ber) carried out Kure Beach, 

The following information was ob- 
tained the relationship between 
fouling and corrosion. (1) The copper 
alloy prevented fouling copper was 
released rate greater than 4.5 
mg/dm?/day. (2) The alloy could 
contain more than 40% nickel 
and prevent fouling. (3) The fouling 
organisms accelerated corrosion espe- 
cially after death. (4) Alloys that did 
not foul showed decreases corrosion 
rates the period exposure was 
prolonged. (5) Alloys that fouled 
showed increases corrosion rates 
when fouling developed the period 
exposure was prolonged. (6) The 
results suggested that the sloughing 
off solid corrosion products must 
considered, along with toxicity, 


major factor determining the foul- 
ing characteristics metals and alloys 
sea water. 


Corrosion Steels Marine At- 
mospheres and Sea Water. 
Steel Corporation. 
Marine Engineering 167 (1945) 
June. 

The sulfur dioxide contaminated 
atmosphere industrial locations, es- 
pecially where the contamination was 
greatest, caused more corrosion than 
the sea salt deposited specimens 
any marine site. 

Low alloy, high strength steels, with 
mospheres are also more resistant 
marine atmospheres, but varyi 
extents. 

Slight rusting usually mars the ap- 
pearance the lower grades stain- 
less steel sea coast atmospheres, but 
most cases the attack only super- 
ficial. 

coatings offer considerable 
promise. 

The problem corrosion 
water complicated presence 
marine organisms. appears that ad- 
18-8 steels reduces pitting. Stainless 
steels perform better velocities 
greater than ft/sec. Stainless steel 
impellers have been found particularly 
luted harbor waters, especially with 
hydrogen sulfide present. 
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PROTECT YOUR 
INVESTMENT 


STEEL PIPE 
PROTECTION 


WRITE FOR 
AWWA 
SPECIFICATION 
BOOKLET, 
ALSO OUR 
LITERATURE 


SPECIFICATION AWWA 


Hill-Hubbell Factory Applied Steel Pipe 

Protection Insures Bottle-Tite, Shatter 

Proof Installations, with Permanent High 
Factor Efficiency. 


WITH 


Roster Members 
National Association Corrosion Engineers 
MEMBERS ADDED MARCH SEPTEMBER 15, 1945 


Aldrich, Harold 
Shop Superintendent’s Office 
Navy, Norfolk Navy Yard, 
Portsmouth, Virginia. 


Alexander, Robert 
Thiokol Corporation, 
780 Clinton Ave., 
Trenton New Jersey. 


Allen, 
United Gas Pipe Line Co., 
Box 421, 
San Antonio Texas. 


Atkins, 
The Magnesium Association, 
Rockefeller Plaza, 
New York 20, 


Axtell, Oliver 
Humble Oil Refining Co., 
Baytown, Texas. 


Bagsar, 
Sun Oil Company, 
Marcus Hook, Penna. 
Barton, Gerald 
American Smelting Refining Co., 
Barber, New Jersey. 
Bechtold, Ira 
The Fluor Corp., Ltd., 
Box 7030, 


East Los Angeles BR, Los Angeles, 


Calif. 
Bedell, 
Socony-Vacuum Oil Co., Inc., 
White Eagle Div., 
Augusta, Kansas. 
Begole, Edgar Ray 
Socony-Vacuum Oil Co. 
First National Bank 
Wichita, Kansas. 
Beutel, Phillip 
Dow Chemical Company, 
310 Sansome Street, 
San Francisco Calif. 
Bialosky, Jerome 
Armour Research Foundation, 
West 33rd Street, 
Chicago 16, Illinois. 
American Telephone Tel. Co., 
Blenheim, Donald 
140 West Street, 
New York, 


Bohne, 
The Tapecoat Co., 
Evanston, 
Bond, Donald 
Room 821, Texas Co. Bldg., 
Houston, Texas. 
Bond, George 
141 Woodbine Road, 
Upper Darby, Penna. 
Brady, Merritt 
4245 Hollis Street, 
Emeryville, Calif. 
Brookes, Sidney 
Public Service Electric Gos Co. 
Park Place, 
Newark 


Brown, Robert 
Aluminum Co, America, 
Aluminum Research Lab., 
New Kensington, Penna. 

Buck, Charles 

Pacific Gas Electric Co., 
245 Market Street, 
San Francisco, Calif. 

Buff, 

National Zinc Co., Inc., 
Bartlesville, Okla. 

Burket, Robert Monroe 
2215 Rageley, 

Bay City, Texas. 

Burkhard, 

The Carter Oil Co., 
Box 801, 
Tulsa, Okla. 


Cann, Kenneth 
Ingersoll-Rand Co., 
Phillipsburg, 

Clifton, William 

Canadian River Gas Company, 
Box 951, 
Amarillo, Texas. 

Crane, Benjamin Gardner 
Ethyl Corporation, 

405 Lexington Avenue, 
New York 17, 

Crobaugh, Albert 
Ingersoll-Rand Co., 
Phillipsburg, 

Curll, Vincent 

Pennsylvania Salt Mfg. Co., 
1000 Widener 
Philadelphia Penna. 
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VOLT 


FUSE 


RECTIFIER 


FOR CATHODIC PIPE LINE 
PROTECTION EQUIPMENT 


When the problem pipe line corrosion first received serious con- 
sideration, Jefferson engineers cooperated designing the special type 
transformers needed the preventive method developed corrosion 
experts. The Jefferson units quickly proved their high value actual 
field operation. 


These transformers are the two-winding type, with high grade 
low-loss electrical steel core. This feature low core loss especially 
important since continuous, hour-a-day, operation required. 
Secondary has multiplicity taps (as illustrated) provide suitable 
voltage the rectifier. The transformer the core and coil type 
suitably impregnated, equipped with screw terminals for primary and 
secondary connections and intended mounted enclosing 
case with rectifiers and other control equipment. 


JEFFERSON ELECTRIC COMPANY 


BELLWOOD (Suburb Chicago), ILLINOIS 


Canada: 
Canadian Jefferson Electric Co., 384 Pape Avenue, Toronto, Ont. 


JEFFERS 


TRANSFORMERS 


TAPS 
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CORROSION 


Dewey, Wm. 

New Co., 
Room 1381, 140 West Street, 
New York, 

Dickinson, 
Socony-Vacuum Oil Co., Inc., 
White Eagle Pipe Line Div., 
917 First Bank 
Wichita Kansas. 

Dietze, Irwin Charles 
Dept. Water Power, 
City Los Angeles, 

207 South Broadway, 
Los Angeles 12, Calif. 

Doolittle, Fred 

Southern California Edison Co., Ltd., 
Box 351, 
Los Angeles 

Dusei, 

Pipe Line Service Corp., 
Franklin Park, Illinois. 


Farkas, Martin Donald 
The Sherwin Williams Co., 
115th Cottage Grove Ave., 
Chicago 28, 
Farwell, Milo 
Bethlehem Steel Company, 
20th Illinois Streets, 
San Francisco, Calif. 
Flournoy, 
The Military Chemical Works, 
Box 604, 
Pittsburg, Kansas. 
Fox, 
935 Drexel Avenue, 
Drexel Hill, Penna. 
Fraser, William 
Michigan Consolidated Gas Co., 
415 Clifford, 
Detroit 26, Michigan. 
Friedrichs, Carl 
Wallace Tiernan Co., Inc., 
2615 Fannin Street, 
Houston Texas. 


Gardiner, W., Jr. 
Lewis Bros. Co., 
910 Widener Bldg., 
Philadelphia Penna. 
Ghen, Melville 
Duquesne Light Company, 
435 Sixth Avenue, 
Pittsburgh, Penna. 
Godshall, Byron 
Ingersoll-Rand Co., 
Phillipsburg, 
Goldsby, Fred 
9925 South Bell Ave., 
Chicago 43, Illinois. 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Gresham, Marie 
1853 Sul Ross Ave., 
Houston Texas. 


Vera 

Haering Co., Inc., 
West Wacker Drive, 
Chicago 

Hall, Elwin 
523 Sixth Street, 
Los Angeles 14, Calif. 
Harrison, Scott 
Metal Goods Corp., 
Box 
Houston Texas. 
Hart, Morris 
Room 502, 
215 Washington, 
Chicago Illinois. 
Heckert, 
The Military Chemical Works, Inc.. 
Box 604, 
Pittsburg, Kansas. 


Holt, James 
International Minerals Chemical 


orp., 
Carlsbad, New Mexico. 
Hopkins, Arthur James 
Hume Steel Ltd., 
Box 4534, 
Melbourne, Australia. 
Hoover, Charles 
928 Dublin Road, 
Columbus Ohio, 
Hutton, Harold 
Wallace Tiernan Co., Inc., 
Box 178, 
Newark, 


Ingels, 
Cook Heat Treating Co., 
6233 Navigation Blvd., 
Houston 11, Texas. 


James, 
805 Boston, 
Tulsa, Oklahoma. 
James, Jay 
The Dow Chemical Company, 
2205 Commerce Bldg., 
Houston Texas. 
Jessen, Oliver 
233 Alabama Street, 
San Gabriel, Calif. 
Jewell, Edwin 
Monsanto Chemical Co., 
Texas City, Texas. 
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FOR 
PROTECTION 
PIPE LINES 
THE NEW JERSEY ZINC 
HIGH QUALITY 
ROLLED ZINC PLATES 


THE NEW JERSEY ZINC COMPANY 
PRODUCTS DISTRIBUTED 
THE NEW JERSEY ZINC SALES CO. 
160 Front Street 221 No. LaSalle Street 
New York N.Y. Chicago 


% 
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Johansen, Irving 
Socony-Vacuum Oil Co., 
Box 1882, 
Wichita, Kansas. 
Johnston, 
Presstite Engineering Co., 
612 North Michigan Ave., 
Chicago 11, 
Jones, David 
4364 Farmdale Avenue, 
North Hollywood, Calif. 


Kartinen, Ernest 
2501 East Willow, 
Long Beach Calif. 
Klever, Charles 
Metropolitan Utilities Dist., 
18th Harney Streets, 
Omaha, Nebraska. 
Knapp, Frederick 
6508 Montgomery Rd., 
Cincinnati, Ohio. 


LaQue, 
International Nickel Co., Inc., 
Wall Street, 

Leas, Robert 
Bureau Yards Docks 
Navy Department, 
Washington, 


Lee, James 
Chemical Metallurgical Engineering, 
330 West 42nd Street, 
New York 13, 


Lieber, Eugene 
Nox-Rust Corporation, 
2429 South Halsted Street, 
Chicago 

Ligon, John 
Sinclair Refining Co., 
901 Fair Bldg., 
Fort Worth, Texas. 


Maccallum, 
Westinghouse Elect. Mfg. Co., 
2315 Commerce Street, 
Houston Texas. 
MacDonald, Frank 
Electro Rust-Proofing Corp., 
407 South Dearborn Street, 
Chicago Illinois. 
MacKenzie, James 
American Cast Iron Pipe Co., 
Box 2603, 
Birmingham Alabama. 
Malcom, 
The Philip Carey Mfg. Co., 
Anthony Wayne Avenue, 
Lockland, Cincinnati 15, Ohio. 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Mange, Clarence 
Mange Development Laboratory, 
4425 Geraldine Avenue, 

St. Louis 15, Missouri. 

Mears, Robert 

Development Division, 
Aluminum Company America, 
Box 1012, 

New Kensington, Penna. 

Mendive, Anthony 

Non-Corrosive Products Co. Texas, 
2301 Commerce, 
Houston Texas. 

Mitchell, 

Squadron 
Army Air Field, 
Clovis, New Mexico. 

Mitchell, 

Chase Brass Copper Co., 
236 Grand Street, 
Waterbury, Conn. 

Morse, Arley Edwin 
The Dow Chemical Company, 

135 South LaSalle, 
Chicago Illinois. 

Munger, Charles 

American Pipe Const. Co., 

4635 Firestone Blvd., 

South Gate, California. 


Nelson, Alan 
Plantation Pipe Line Co., 
Box 1743, 
Atlanta Georgia. 

Nelson, 
Texas Gulf Sulphur Company, 
1013 Second National Bank Bldg., 
Houston Texas. 

Nichols, Laurie 
Public Service Co. North Illinois, 
1001 South Taylor Ave., 
Oak Park, Illinois. 

Nicholls, Paul Edward 
Texas Public Service Company, 
910—25th Street, 
Galveston, Texas. 


O’Brien, Paul 

Socony Paint Products Co., 
Apt. 

630 Laurel Street, 

Baton Rouge, Louisiana. 

Osborn, Oliver 
Dow Chemical Company, 
Freeport, Texas. 

Owens, Robert 
McDonough Iron Works, 
2701 Water Street, 
Galveston, Texas. 


Peifer, Norman 
Manufacturers Light Heat Co., 
800 Union Trust 
Pittsburgh 30, Penna. 
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CORROSION PROTECTION 


all types underground pipe lines 


copy the new Fiberglas* 
Underground Pipe Wrap book- 
let should the hands 
everyone concerned with cor- 
rosion problems. 

describes and illustrates 
the reasons why 
uct gives better protection, 
assures longer life for under- 


ground pipe. 


economical and 
easily handled, Fiberglas Pipe 
Wrap may help you solve pres- 
ent future problems. Write 
for your copy this new book- 
Fiberglas Corp., 1958 Nicholas 
Bldg., Toledo Ohio. 


In Canada, Fiberglas Canada Ltd., 
Oshawa, Ontario. 


FIBERGLAS 


*T.M. Reg. Pat. Off. 


UNDERGROUND PIPE WRAP 
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Perrault, Lewis 
Brothers, 
1130 Boston, 
Tulsa, Oklahoma. 


Perry, Clifford Burgess 
Westinghouse Electric International 


Co., 
Wall Street, 
Powell, Sheppard 
330 North Charles Street, 
Baltimore Maryland. 
Puckhaber, Fred 
Wallace Tiernan Co. Inc., 
1112 Liberty Bank Bldg., 
Dallas, Texas. 


Reeb, Fred 
Pipe Line Service Corp., 
Robstown Road, 
Corpus Christi, Texas. 
Rice, 
Titanium Div. National Lead Co., 
Carondelet Station, 
St. Louis, Missouri. 
Routson, 
Western Union Telegraph Co., 
427 South LaSalle Street, 
Chicago Illinois. 
Rupf, Albert 
Socony-Vacuum Oil Co., 
Box 1882, 
Wichita, Kansas. 
Ruppenthal, 
3857 Huron Street, 
Culver City, Calif. 
Russell, David 
Youngstown Sheet Tube 
Campbell Works, 
Youngstown, Ohio. 


Sanders, 
Haering Co., Inc., 
205 Wacker Drive, 
Chicago Illinois. 
Schneider, Wm. 
Pacific Gas Elec. Co., 
4245 Hollis Street, 
Emeryville, Calif. 
Scherer, Lewis 
The Texas Pipe Line Co., 
Box 2332, 
Houston, Texas. 
Schmidt, Eugene 
The Dorr Company, 
570 Lexington Ave., 
New York 22, 
Secrest, Leslie 
Continental Pipe Line Co., 
Ponca City, Oklahoma. 


Secrest, William 
Box 671, 
Beaumont, Texas. 


Shields, James 
Alox Corporation, 
3943 Buffalo Avenue, 
Niagara Falls, 


Shuldener, Henry 
Water Service Laboratories, 
423 126th Street, 
New York 27, 


Siddall, 
The United States Stoneware Co., 
Box 350 
Akron, Ohio. 


Smith, Arthur, Jr., 
The Dow Chemical Co., 
Midland, Michigan. 


Smith, Carl 
Dearborn Chemical Co., 
310 Michigan Ave., 
Chicago 


Smith, Clair 
Western Gulf Oil Co., 
Box 
Bakersfield, Calif. 


Stark, Randolph 
1622 Sherwin Avenue, 
Chicago 26, 


Stauffacher, 
South Edison Co., Ltd., 
Los Angeles, California. 
Stephens, 
Westinghouse Electric Corp., 
233 South St. Francis, 
Wichita, Kansas. 
Sullivan, 
United Gas Pipe Line Co., 
Box 1407, 
Shreveport, La. 


Thalman, 
Ebasco Services Inc., 
Rector Street, 
Thiede, Richard Conrad 
General Aniline Works, 
Grasselli, 
Tice, Allen 
Bethlehem Steel Co., 
Bethlehem, Penna. 
Tracy, Arthur 
The American Brass Co., 
Waterbury 88, Conn. 
Tsunoda, Kenneth 
Artisan Metal Products Inc., 
211 Congress Street, 
Boston 10, Mass. 
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SEALED AGAINST RUST 


327 slushing type rust- This but one class rust-preventives 
many uses. may used the large Rust-Ban family. There’s 
indoors out, all types milled 


parts, heavy machinery, pipelines, con- 
denser coils, etc. offers excellent re- need from paint for tank farms oil for 


sistance ordinary salt water and the most delicately machined parts. Con- 
oil gases and may applied sult your nearest Rust-Ban marketer 
swabbing, brushing dipping. any rust corrosion problem. 


REG. PAT. OFF. 


Rust-Ban product for practically every 


... First Line Defense Against Rust 


Rust-Ban sold and marketed Texas 


HUMBLE REFINING COMPANY 


ACIPCO PIPE RESISTS CORROSION 


Mono-Cast Centrifugal Cast Pipe 
High resistance Soil Corrosion 


WATER LINES 
GAS LINES 
Used extensively for: SEWER LINES 


LINES 
FOAMITE LINES, ETC. 


CONDENSER COILS 
Mono-Cast Alloy SPECIAL SERVICE 


PLAIN CARBON 
Centrifugally Cast Steel Tubes HIGH ALLOY, including 
18/8 25/20 CHROME-NICKEL 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM ALABAMA 


RI IST-B AN. 
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VandeBogart, 
Crane Company, 
836 Michigan Avenue, 
Chicago 


Veech, William 


Co., 
Apartado 1889, 
Caracas, Venezuela, 


International 


Waldrip, 
Gulf Oil Corp., 
Room 1906, Gulf 
Houston, Texas. 


Whitacre, Charles 
Standard Oil Co, Ohio, 
1067 Midland 
Cleveland 15, Ohio. 


Wood, Elgean 
Westinghouse Electric Corp., 
2315 Commerce Avenue, 
Houston, Texas. 


Yates, Louie 
Box 576, 
Taft, Texas. 

Young, 
American Petroleum Institute, 
1205 Continental Bldg., 
Dallas, Texas. 


Zahn, 
c/o National Lead Co., Research Lab., 
105 York Street, 
Brooklyn 
Zuloaga, Oscar Machado 
Electricidad Caracas, 
Marron Pelota No. 
Caracas, Venezuela, 


PROTECTS 
INDUSTRY 
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CATHODIC PROTECTION AGAINST CORROSION 


Pipe-line companies and others having underground corrosion 
problems are offered time-saving assistance through: 


Graybar Specialists, cooperating with engineers leading 
Graybar Suppliers, for consultation. 


The facilities eighty-six strategically-located Graybar 
warehouses, for fast-action service bringing together 
the required equipment and materials. 


For further information concerning Electrical Construction ma- 
terials for protective installations, call write Graybar, head- 
quarters for “Everything Electrical.” 


ELECTRIC COMPANY 
Over Principal Cities 


EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK 17, 


CONQUER CORROSION 


with these products, designed aid you your war against its destructive 
effects, offer you complete corrosion protection for all kinds 
and below ground piping and every type industrial structure. 


HOT APPLIED PIPE LINE COATING 
COLD APPLIED COATING AND PAINTS 
“PHILIP ASBESTOS PIPE LINE FELT 
CATHODIC PROTECTION DETECTORS 


Texas-Louisiana Agent and Distributor for Wailes Dove-Hermiston 
Corp. Philip Carey Mfg. Co. Angier Corp. 


JAMES E.MAVOR 


506 Building Telephone Charter 4-5265 
HOUSTON TEXAS 
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The New 1945 model Jacobs Wind 
Electric Pipe Line protection plant 
represents years development 
and proven dependability pipe lines 


throughout America. Hundreds 


service: Maximum output 
winds, because its larger propeller, 
extremely low annual maintenance 
cost, operating fuel expense. 


WRITE FOR LITERATURE. 


The JACOBS Wind Electric Company, Inc. 


Pipe Line Division, MINNEAPOLIS 11, MINNESOTA 


Pipe Line Cathodic Protection 
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The Rolling Coiled Spring 
Exploring Electrode 
exclusive patented fea- 
ture the Stearns Elec- 
tronic Holiday Detector 
insuring thorough and 
uniform application 
the inspection voltage 
the insulating coating. 


STEARNS 


SHREVEPORT, LOUISIANA 


IES "Ir Fe CoAT IS Gs Cos Sl 


